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PREPACE. 

The first edition was, as stated on the Title-page 
and in the Preface, prepared for the British Associ- 
ation Committee, appointed at Exeter in 1869 to 
report on the " Treatment and Utilization of Sew- 
age ; " it was published after the Report of that 
Committee had been read at Liverpool, and it 
was in no sense their Report, nor were they in 
any way responsible for its contents or bound by 
the conclusions arrived at ; for whilst the facts 
brought forward rested on the authority of the 
documents quoted, the writer distinctly claimed 
for himself the sole responsibility " for the con- 
clusions drawn, and for the opinions expressed." 

It was, nevertheless, thought by some members 
of the Committee appointed at Liverpool in Sep- 
tember 1870, that if the second edition were 
published under the auspices of the Committee they 
might be considered to be bound by the opinions 
and conclusions therein contained, or at any rate 
to have sanctioned them. 

Under these circumstances the Author has 
thought it advisable to publish this edition entirely 
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on his own responsibility, and so" prevent any 
misunderstanding about the matter. 

He has revised and corrected the entire work, 
and made important additions at various places, 
notably at pages 64, 65, 68, 98, 123, 128, 146, 
166, 219, 221, 240, 248, 249, 260, and 282. 

An abridged account of the more recently pub- 
lished researches on the subject will be found ^a 
the two Appendices, while the Summary contains 
a concise statement of the views which the 
Author himself has been led to adopt : refer- 
ences have been inserted throughout to show 
from what sources the numerous quotations have 
been derived, and to enable the reader to consult 
the originals for further information ; and lastly, 
an Index has been added. 

The Author is indebted to several friends for 
valuable hints and emendations, and hopes that 
with their assistance a faithful account has been 
rendered of the state of our knowledge on this 
subject at the present time ; the importance of 
the matter comprised in the Appendices must be 
his excuse for having so long delayed the publication 
of this edition. 
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TREATMENT AND UTILISATION OF SEWAGE. 



CHAPTER I. 

EAULY SYSTEMS : MIDDEN HEAPS AND CESSPOOLS. 

Our subject-matter falls conveniently under two heads: DivisioM 

. . , of subject. 

we have to consider, in the first place, the Treatment 
of Sewage, which resolves itself into various methods 
for removal of it from the neighbourhood, either in 
its native state or mixed with some substance which 
may facilitate its removal, as water; or may render 
it less disagreeable, as dry earth, ashes, salts of car- 
bolic acid, salts of iron, &c. &c. ; this removal being BemovaL 
necessitated by the extremely offensive nature of 
excrement when allowed to remain for any length 
of time in or near houses, of which no one will 
require proof (although plenty will be incidentally 
given in these pages), and also by the great injury 
to health which results in various ways from the 
same cause, and of the reality of which we have now 
ample evidence. 

And, in the second place, we have to consider the utiiisa- 
Utilisation of Sewage, We have to examine the 
evidence that has been brought forward to show that 

A -^ B 
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the various refuse matters from human habitations 
may be applied as manure, with advantage to the 
crops and profit to the community, and at the same 
time without nuisance or injury to the neighbourhood: 
we have to see which of the various methods proposed 
ofiers the greatest chance of success in a sanitary, an 
agricultural, and a pecuniary point of view. 
Definition The term "Sewage" will for convenience be 
"SewiSge." applied generally to refuse matter (especially excretal) 
without reference to any method of removal ; and this 
it is necessary to bear in mind, as no scheme which 
does not remove all refuse matter, in as inoffensive a 
manner as possible, and utilise it so as to " make it 
pay," can be accepted as anything like a final solution 
of the question that we have to study, nor can such a 
scheme be recommended to towns as a feasible plan 
for the removal of their difficulties. 

Under our first head, then, we include the collection 
and reynoval of refuse matters, and more especially 
of human excreta, from habitations generally, and 
more particularly from collections, large collections, 
of habitations. 

We begin with the deposition of excreta, and the 
places in which they are deposited. 
No ays- In the primitive condition of society no considera- 

tion was given to these matters, and no special places 
allotted at all for such purposes, and of course the 
result was, that excrement was deposited in any con- 
venient or inconvenient locality : and we have to allude 
to such a primitive condition of things because it is 
not confined to some distant period, or to what we are 
pleased to call barbarian countries, but exists to-day 
in many of our own towns. In the Fourth Report 
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of the Medical Officer of the Privy Council, dated 
1861, we find, with regard to one place, that "in the 
great majority of cases, even in the centre of the town, 
no accommodation of any kind is provided, and hence 
the adult male population defecate habitually in the 
gardens or in the road, &c. ; '' in another town " chil- 
dren's excrement and other refuse are frequently 
allowed to remain dotting the space before and behind 
houses." In the Seventh Report (1864) we find that 
at Seacroft " it is the practice to throw everything in 
the shape of sewage, garbage, refuse, and even solid 
excrement, into the highway, on to the green or the 
adjacent midden heaps, or into a ditch if such be 
handy/' In the colliery settlements at Gilesgate 
Moor the roadway is described as a succession of 
dust-heaps used "for all purposes of personal ease- 
ment." Erom the Ninth Report it appears that until want of 
comparatively lately (1854), houses under £10 rental ^"^^^ 
were not provided with privies or cesspools, the in- 
habitants using the open streets instead ; and even in 
1864 " many houses and courts are unprovided with 
any accommodation, and stools are seen about yards 
and entries;" while at Penzance the filth from the 
upper stories of the houses was commonly discharged 
into the court or passage below. 

In the "Health of Towns" Report of 1844 (vol 
i. p. 128) Dr. Duncan states that the whole of the 
cellar population of Liverpool, amounting to more 
than 20,000 persons, "are absolutely without any 
place of deposit for their refuse matter," while " of 
the front houses inhabited by the working classes, a 
large proportion are in a similar predicament." 

As a slight improvement to this loathsome state of 

B 2 
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A place set things^ we come to the setting aside of a special locality 

^IfnL^^^ where the refuse matter of one house, or often of many 

matter. houses, may be deposited — in other words, a " midden 

heap ; " and " occasionally a wooden erection may be 

seen, having the external aspect of a privy, and used 

as such, but with only a cross bar or plank for a seat, 

and no cesspool whatever, the excrement being allowed 

to accumulate there and diffuse itself thence for an 

unlimited time, or until it is required for manure." 

{Fourth Report of Medical Officer of Privy Council. 

Appendix, p. 38.) 

Open mid- More frequently, however, some sort of a pit is dug 

and COM- ^ tbc gfoimd and serves as the receptacle of filth gene- 
pools. j^jiy . jj^jg jg q^q^ ^q j|jg ^jj. j^^j without auy pretence 

of drainage, and is known as a " midden" or " ash-pit," 
or, if used for excrement alone, as a " cesspool :" such 
pits are in gardens, yards, or courts, surrounded on 
all sides by houses, and are used by many houses, 
there being one or two " necessaries" for the use of 
many families. Thus " in each of the larger courts^ there 
are usually two privies, with an ash-pit between them, 
situated within three or four feet of the doors and 
windows of the houses at the upper end, and tohich 
are the common property of all the houses in the court. 
These office!) are often in such an abominably filthy 
and ruinous condition, as to make it a matter of won- 
der how they can possibly be used ; the ash-pits are 
entirely uncovered, and the door of the privy is some- 
times absent, having been broken or become dilapi- 
dated from age. In many instances the inhabitants 
of the front houses and cellars make use of the con- 
veniences in the courts, so that the ash-pits generally 

^ Contaming sixteen houses and a population averaging 80 persons. 
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become full to overflowing long before the nightmen 
make their appearance to empty them." {Dr. Duncans 
Report on Liverpool in First Report of Health of 
Toums Commission, 1844, vol. i. p. 128.) 

Dr. Trench, too, says : " Not only was space econo- 
mized at all risks, and the built-up area dreadfully 
overcrowded, but privies and cesspools were placed 
inside houses and in other improper situations ; while 
courts, terraces, and blocks of back-to-back houses, 
occupied by numerous families, were insufficiently 
supplied by a common latrine, with a deep, wide, 
open, and undrained cesspool." (First Report of the 
Rivers' Pollution Commission, 1868, vol. ii. p. 302.) 

The extent to which this want of convenience may One privy 
be carried may be judged of from the state of some houM«!'^ 
parts of Manchester in 1845, when it was reported 
by the superintendent of the nuisance inspectors that 
** there were 645 houses in the neighbourhood of 
Oldham Koad and St. George's Road, with families of 
eleven persons on an average, making an aggregate 
of 7,095 persons, having only thirty- three petties 
(necessaries) for their convenience, which, as might be 
supposed, are generally in a most disgusting and 
filthy state ; " while in another district " there are 
very few privies throughout the neighbourhood, three 
or four streets having no accommodation of that kind 
whatever." {Second Report H. of T. C. vol. i. p. 370.) 

Under this head must be included stagnant ditches, 
which are used as open cesspools, as at Steyning, 
where Dr. Whitley reported that the drainage was 
into two open ditches, and that privies with open cess- 
pools were general, there being sometimes six families 
to one privy ; in one case, that of a very old cottage. 
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the privy was against the outer wall adjoining the lire- 
place of the only sitting room and the end of the pantry. 
In Leicester, in 1849, " the number of uncovered 
soil-pits receiving the soil, dust, and ashes, amounts to 
2,900, and the aggregate surface of the said soil-pits 
exposed amounts to IJ acres." {M.O.P.C, 1866.) 
OpeneeM- At Pcuzance and other places the open cesspools 
tSom were' often flooded by showers, so as to overflow into 
*^^^ the gutters of the courts ; while at Warwick the 
practice used to be to dig a pit in the sandstone rock 
beneath the court-yard of the house, and throw all 
refuse into it ; thence the liquid parts sank into tbe 
surrounding soil. It seems that there were in this town 
1,516 cesspools, exposing an open surface of ** 37,000 
square feet of faecal matter to sun, wind, and rain." 

At Rugby the open cesspools, which were from five 
to ten feet long, from three to eight feet broad, and 
from four to five feet deep, were lined with brick below 
the surface : into them all the refuse was thrown, the 
privy being placed at one end; where much ashes 
were thrown in they were rendered less ofiensive ; but 
where little ashes could be got, as in the tenements of 
the poor, the '* stench was intolerable and loudly com- 
plained of." While at Pill, near Bristol, Dr. Buchanan 
reported in 1866 that either the privy seats jutted over 
the edge of the river, *' or that there was an open privy 
pit, great ponds of seething filth lying behind the privy." 
As an extreme example of want of removal of re- 
fuse matters we may refer to a case described in the 
Second Report of the Health of Towns Commis- 
sioners (1845): "In consequence of the confined space 
the privy and ash heaps were accumulated in the 
cellars. Commonly the excuse for closed doors and 
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windows was, the bad smell of the court ; but here Midden 
I found a special contrivance for keeping open the ce^rra!"* 
outer door, without which the tenant said ' she could 
not bide in the house'; 'the stench at night was some- 
times past bearing, especially in rainy weather/ But 
the rent teas low^ \8, 9d. per week for three rooms^ 
on account of tie nuisance" 

" The cellar accumulation often overflowed, for ' it 
was such an awkward place : the farmers did not like 
the trouble of fetching it out/ and the landlady had 
sometimes been induced by the tenant's complaint to 
pay for its removal/' (Vol. ii. p. 84.) 

The report just quoted abounds in examples of a state of 
similar state of things taken from various towns : ^^^^' ^^' 
"narrow and enclosed courts, with tunnel entries, 
most of them with the midden and privy heaps in a 
most pestilential condition;" "the upper end of the 
yard I found to be a receptacle for every kind of filth, 
and it was used as a privy by the inhabitants," &c. &c. 

Of the state of the courts in Whitechapel in 1844 
we find the following statement made : " Usually in 
the courts there is only one cesspool ; they are badly 
cleansed ; often overflowing. The effluvium is most 
offensive and noxious. In many of the houses the privy 
is in the cellar. In one of the courts in Essex Street, 
now pulled down, the privy was within three yards 
of the door of one of the houses, and the soil was 
lying outside of the privy door/' {First Report 
kofT. a vol. i. p. 107.) 

COVERED CESSPOOLS. 

After the open midden heaps, ash-pits, and cesspools, 
we have the ordinary form of covered cesspool, a pit 
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lined with brick or stone work, or merely dug in 
the ground and roofed over in some way. These 
receptacles, often of very large size, are placed under 
gardens, yards, courts, streets, and even houses, and 
usually, even when lined with masonry, allow the liquid 
PercoiA- part of their contents to percolate into the surrounding 
oMiipcX soil ; indeed in many cases they are so built as to assist 
this escape in order that the solid contents may remain 
in a drier and comparatively less noxious state. Thus 
. it is not to be wondered at that '' the fluid contents 
of the overcharged ash-pits too frequently find their 
way through the mouldering walls which confine 
them, and spread a layer of abomination over the 
entire surface of the court ;" while " in some instances 
it even oozes through into the neighbouring cellars, 
filling them with its pestilential vapours and render- 
ing it necessary to dig welh to receive it in order to 
prevent the inhabitants being inundated;'^ it being 
added that " one of these wells, four feet deep, filled 
with this stinking fluid, was found in one cellar under 
the bed where the family slept/' {First Report H. of 
T. C, 1844, vol. i. p. 128.) 

In Bedford, in 1860, it was reported that cesspools 
were " almost universal," there being more than 8,000 
of them, and as they were not allowed to drain into 
the sewers (!) the liquid matters soaked away from 
them as fast as possible into the surrounding §oil. At 
King's Langley, Dr. Ord had four large cesspools 
opened, each being three feet square and four feet deep ; 
they were placed under the pathway, and supposed to 
ContentB be for surfacc water. Two of them were found to con- 
•of them, j^jj^ j^jy water, with some inches of black mud ; one 

only black mud 20 inches deep ; and the fourth was 
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'' filled with sewage, soft, solid, and of a most offensive 
character, the drains of five or six houses being led 
into it/' At Seacroft, Dr. Stevens tells us that " on 
lifting one of the flags in the sitting-room (of a 
cottage) two buckets of sewage were found under the 
floor.'' At Alnwick we learn that in 1849 there Badposi- 
were ''large middens, foul privies, and cesspools 
crowded among houses originally built much too 
close, privies and cesspools within dwelling houses 
and under the floors of sleeping rooms ;'' and again, 
'' in all sorts of comers and confined spaces in con- 
tact with the walls of dwelling-houses, and in some 
instances above the level of their floors." In another 
town we find that the privies attached to the cottages 
of the labouring classes, with their attendant cess- 
pools, are situated just under the back windows, while 
"surface drains are not unfrequently used to carry 
away the suUiage from the overflowing cesspools." 

And to show that cesspools were not at all confined 
to the lower classes of houses, and that they were some- 
times as badly placed in fashionable quarters, we may 
state that in Dover they existed " under many of the 
best houses." {Fourthy Seventh, & Ninth Reports 
if. O. P. C) 

But it is not at all a thing of the remote past, 
this covered, undrained cesspool. Dr. Trench, in his 
report on the tunnel middens of Liverpool, in 1863^ Tunnd 
thus describes the locality known as Kent Terrace, of Sverpwh' 
which he remarks, that " although far from being the 
worst of the kind, it presents a tolerably average picture 
of the contrivances adopted in these terraced houses." 
{First Report R. P. C, 1868, vol. ii. p. 302.) 

It " is bounded and enclosed on the west by the 
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front houses of the street ; on the north and east by 
a high wall ; on the south by oil-mills. The entrance 
is a passage 15 feet in width; thus, though not 
ranked as a close court, it is without any thorough 
ventilation. Here ingenuity has accumulated seventy- 
six houses, containing, at the period of inspection, 
families consisting of 529 souls, on a superficial area 
of 2,346 yards. Beneath these houses are tunnels of 
the following dimensions : viz. one under the south 
side, 160 feet in length by 6 feet 4 inches in height 
and 3 feet in width ; one under the north side, 145 
feet in length by 6 feet 4 inches in height and 3 feet 
in width; one under two ranges of houses in the 
centre terrace, 135 feet in length by 6 feet 4 inches 
in height and 3 feet in width. The total area thus 
occupied by middens is 192 superficial yards; their 
cubical contents 384 yards. In other words, the 
area of the middens is to the whole area of the 
ground occupied as 1 to 12*2; the area of tunnel 
and middens is to the area occupied by buildings as 
1 to 9*25. A rough estimate given by a competent 
authority of the contents of these middens before 
thought full enough for emptying, is 225 tons. The 
Escape of o^ly exit for the gases of this vast accumulated sewage 
fouHttr is through privies, which in the centre terrace are so 
placed between two lines of double terraced houses 
that effluvium constantly and necessarily pervades 
every room of the building ; and in the side terraces 
on ledges abutting on sleeping and ' inhabited apart- 
ments, where the like noxious effect is unavoidably 
obtained. The rain, as well as all the water escaping 
from taps or used for household purposes, find their 
way into the tunnels, so that at every period of the 
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day there is disturbance of contents, which stimulates 
the escape of the gases. No breath of air can reach the 
unhappy residents which is not fraught with offensive 
and deleterious compounds; no fire can be lighted 
in any household without attracting the influx of 
pestiferous miasma/' 

The thoroughness of this description must be our 
excuse for quoting it in extenso ; the sanitary evils 
of such a state of things we shall have to treat of in 
another place. 

In several towns, as at Preston, Leeds, and Bir- in other 
mingham, such huge midden-pits still remain in an ^^^ 
almost unimproved condition; they are sometimes 
covered and sometimes provided with drains, but are 
usually foul and stinking to the last degree ; the liquid 
soaks out of them to a considerable extent, and 
pollutes the surrounding soil ; in the last-mentioned 
town they are frequently under workshops, and in 
all they are emptied very irregularly. 

At Halifax there are rows of privies in passages be- 
tween parallel streets, with a long ash-pit under each 
row; many of them simply drain into the porous 
millstone grit. There is a charge of Is. id. to 2s. 
a cubic yard made by the authorities for emptying 
them, so that it is usual to make them large and 
leave them a long while too full. 

PERCOLATION INTO SURROUNDING SOIL. 

The soakage from all these forms of open and closed 
cesspools, &c., into the surrounding soil has been 
referred to. Sometimes, as at Guildford, where they 
are sunk into chalk, this takes place to such an extent 
that they are actually stated to be "dry and inoffen- 
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sive/' and the frequency with which they need to be 
emptied of their contents depends of course upon 
their size and upon the rate at which the liquid parts 
Not emp- soak out of them. Thus in Bridport they were some- 
long pe- times not emptied " for a dozen years or more/' at other 
nods. places " once in two or three years," "at uncertaiu 
intervals," " at intervals of several years ; " at Rugby 
"the solid parts accumulate for many years;" in 
Penrith "some cesspools have not been emptied for 
twenty years," even now (1866) the midden system 
is in favour there, and " in practice, middens are kept 
till they are full or till it is worth a farmer's while to 
buy their contents." While, as a crowning success to 
Northamp- the pcrcolatiou system, at Northampton the cesspools 
'^^^' were pits dug in spongy sandstone, and were "made 
and closed for ever;" they were said to be hardly 
ever cleaned out, and always nearly empty ! " It is 
a principle with the Northampton builders that a 
cesspool needs no drain, so absorbent is the sandy 
stratum." {Seventh and Ninth Reports M. O. P. C.) 
In one report we find it stated that the mischief 
which arose from the privy and cesspool system is due 
to the moisture of the contents, that the privy, 
if drj^ is "unobjectionable," and that the dryness may 
be secured by mixing the ashes with the ordure and 
by adding an occasional spadeful or so of dry earth ; 
Escape of and this naturally brings us to consider what becomes 
rXse^ of the liquid part of the refuse in all the foregoing 
arrangements, in which no attempt is made to retain 
it, and in some of which, as we have seen, its escape is 
facilitated as much as possible. It plainly soaks into 
the surrounding soil; and when we consider how 
close to houses wells are often placed, we shall not be 
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surprised to find that they not uncommonly drain the Weiis 
cesspools : thus, at Harpenden, Dr. Hunter reported in pj^u."^ 
1864 that the wells were near to the cesspools and at 
a lower level, and that the water was so execrable 
that it was actually abandoned by the people them- 
selves. At Bridport, where the cesspools were often 
" mere excavations in the soil," and where ashes and 
vegetable refuse were kept in uncovered pits, the well- 
water became turbid after rain, and it fias been known 
to smell offensively, " looking yellow, tasting strongly, 
with a nice good drainy smell!" {Seventh Report 
M. O. P. C. p. 523.) 

In the reports of the Medical Officer of the Privy 
Council, we continually find such statements as that 
pumps and wells are " foul and unfit for use by infil- 
tration from cesspools;'* that the contents of wells are 
very foul, it being sometimes necessary to add chloride 
of lime to the water to destroy the offensive odour, 
and " yet the dilute sewage which they contained was 
largely used for drinking;" ** the wells and cesspools 
appeared to exchange their contents with great 
facility." At Rugby, where the condition of the cess- 
pools has already been described, the wells are dug in 
the same gravel as, and generally within five to ten 
feet of, the cesspools. It is " physically demonstrable state of 
that the cesspools do feed the wells," and in many water!"*^ 
cases it cannot but be that " the fluid thrown into the 
cesspool in the morning is pumped from the well at 
night," yet the water is by no means generally tainted, 
or at least the taint appears only at intervals, or if 
the water be kept. This contamination sometimes 
takes place so quickly, from the marvellous (it would 
almost seem purposely intended) perfection of the 
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communication between these two necessaries, that 
Dr. Buchanan states, that at Pill one of the pumps 
instantly furnished chiorinated water upon chloride of 
lime being thrown on a neighbouring muck-heap. 

This source of pollution of well-water was pointed 
out in 1844 by the Health of Towns Commissiooers: 
"As houses are built and Qeighbourhoods become 
more crowded, the pollution of springs by the per- 
meation of meftter from cesspools becomes greater." 
ceMpooii "They have now got into a mode of deepening the 
to'fpri'a^ cesspools until they come to the first stratum of sand, 
six, eight, or ten feet. This cutting generally carries 
the cesspool into a spring, and relieves the cesspool of 
the liquid portion of the refuse, which is carried awny 
by the spring into any lower level:" a very pretty 
picture ! And a few pages further on we fiad that 
certain houses atBattersea "were supplied with water 
from springs sunk to the same level as the cesspools. 
As the springs were lowered by the consumption of 
the water, it was found, to the surprise of the inhabi- 
tants (!), instead of coming up clearer, it was more 
discoloured — by the equalization of the water levels ; 
. . . People have imagined that it is the gas which 
has polluted the water, but it is the cesspools that are 
now being sunk so much lower than formerly, partly 
that the water in the cesspool may not be higher than 
the level of the springs, and partly for the economy 
of cleansing." (Mr. Joseph Quick's evidence. Firnt 
Report, vol. ii. pp. 117, 123.) 

" We find the enrth around it (the cesspool) neually saturated, 
and BpriugB near are poisoned with the Boakage from the cem- 
pool ; in Bome placea it rots the floors. In taking up old foanda- 
tions, the Boakage ' is often found Us be very offensive.' " 



MIDDEN HEAPS AND CESSPOOLS. 15 

At Leicester, the following state of things existed 
before the sanitary improvements : — 

'^Many of the bog-hole wells iu the central parts of the 
borough have been dug down to the water-seam^ to avoid the 
expense of emptying — a practice which the principal well- 
digger of the town says he has followed for thirty years and 
upwards ; and in support of the fact, numerous instances are 
given of the water being infected from the soil-pits, whose 
depth varies from five to twenty-five feet." {Ninth Report, Med 
Officer of Privy Council, p. 73.) 

In the Second Report of the Health of Towns 
Commissioners much stress is laid on this source of 
pollution of drinking water : *' It was only fit for 
slopping, not for use/* Another witness says : " Com- 
plaints were made of the quality of the water, which, 
lying close to the surface, I have no doubt was afiected 
by the percolation of the filth from the alley ; " and 
the excessive hardness of the well-water of towns is Hardness^ 
continually referred to, great complaints being made water. "*^ 
of the inordinate waste of soap thereby occasioned, 
which often induced the inhabitants to go to some 
distance to fetch softer water. 

In the First Report of the Rivers' Pollution Commis- Anaiysia 
sioners (1868), Dr. Frankland has given some analyses 
of such well-water. In one case, that of the Bevington 
Bush Well at Liverpool, in 100,000 parts there were 
8 6 '7 of total solid impurity, containing 35*51 parts 
" of carbonate of lime, or their equivalent of other 
hardening ingredients (total hardness) '' 1261 parts of 
chlorine, and no less than 8 '721 parts of combined 
nitrogen, of which 8*678 parts were in the form of 
nitrates and nitrites, which Dr. Frankland regards as 
evidence of "previous sewage contamination ; '^ the 
organic nitrogen was present to a not very high 



16 EARLY SYSTEMS. 

amount, while of the 35*51 parts representing the 
total hardness, only 11*52 parts were removed by 
boiling, leaving 23*99 parts still in solution^ so 
that the '* permanent hardness/' which is the most 
undesirable and the most difficult to deal with, was 
very high indeed. 

The amount of pollution of this water may be 
judged of from the statement that '' after its descent 
to the earth as rain, 100,000lbs. of the water had 
been contaminated with refuse animal matter equi- 
'valent to that contained in 86,51 Olbs. of average 
London sewage." {First Reporty vol. i. p. 118.) 
Depth of The depth of a well does not prevent its being con- 
Tife^aid. taminated in this way, as the above is an example of 
a very deep well (now closed); it does, however, 
afford a greater chance that the organic matters may 
be more completely oxidized, and comparatively harm- 
less products formed (especially nitrates and nitrites). 
The general conclusion about deep well w^ater is that 
'^ when the well is at a distance from thickly-inhabited 
places, the quality of the water is generally excellent, 
but as the population around it increases, the water 
gradually becomes mixed with a larger and increasing 
proportion of extjremental soakage." {Loc. cit. p. 129.) 
Although the mere presence of nitrates and nitrites 
in a drinking water cannot be looked upon as afford- 
ing conclusive proof of " previous sewage contamina- 
tion,'' it should always be regarded as a suspicious 
circumstance, and should lead to a search for possible 
sources of contamination. 



CHAPTER 11. 

FILTH AND DISEASE. — CAUSE AND EFFECT. 

It would seem scarcely necessary for us to show that 
the existence of the state of things which we have 
described in the preceding chapter is in all cases 
detrimental to the health of the inhabitants of the 
towns in which it exists, and that it must of neces- 
sity favour to an alarming extent the spread of 
many epidemic diseases. It will be well, however, to 
produce some evidence to show that such is the 
case, and that the opinion that the pollution of 
drinking-water by excreta, and of the air by emana- 
tions from cesspools and so forth, on the one hand, 
and on the other the amount of general sickness, 
and, in many cases, of special epidemics, stand in 
the relation of cause and effect, is a true one. With The plague 
regard to the state of the city of York at the time 
of the plague in 1604, Dr. Laycock finds from 
the city archives that " there were wide stagnant 
moats, no drainage, narrow streets, and filthy open 
channels, the tide flowing above the city, and at ebb 
leaving sludge and mud on the deep banks of the 
river, and exposing the mouths of the sewers/** He 
reports also that the plague, in each of its visitations, 

^ Fiist Bepoit, Health of Towns Commission, yoL i. p. 254. 
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broke out first in an abominably filthy place called 
" Ilagworm's Nest," and that, curiously enough, the 
cholera of 1S32 broke out first in the same place, and 
that each of these diseases progressed in much the 
same manner through the city, " marking the badly- 
drained districts by its course." From the time of the 
plague until the present century, it would appear, from 
an essay by Dr. Winteringham, that " York suflFered 
constantly either from one epidemic or another. . . . 
Cholera, dysentery, or intestinal inflammation usually 
prevailed in July, August, and September/' It is re- 
markable that the deaths, during the plague of 1664, 
were in the proportion of one death to three persons 
living, while from the cholera in 1832 they were in the 
proportion of one death to 142 persons living, a differ- 
ence which probably had something to do with the 
Typhoid improved sewerage and drainage of the city. In the 
reports of the Health of Towns Commissioners (1844) 
the instances are very numerous of production of 
fever, especially typhoid, under the conditions of 
polluted air and drinking water. In Bethnal Green, 
at Punderson's Gardens, of the state of which we 
have already spoken, it is stated that "fever constantly 
breaks out in it, and extends from house to house." 
Of Lamb's Fields it is said {First Report, vol. i. p. 30) : 
*' There is always a quantity of putrefying animal and 
vegetable matter, the odour of which, at the present 
moment, is most offensive. An open filthy ditch 
encircles this place, which at the western extremity is 
from eight to ten feet wide. Into this part of the 
ditch the privies of all the houses of a street called 
North Street open. These privies are completely 
uncovered, and the soil from them is allowed to accu- 
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mulate in the open dilch. Nothing can be conceived 
more disgusting than the appearance of this ditch for 
an extent of from three to four hundred feet ; the odour 
of the effluvia from it is at this moment most offensive. 
Lamb's Fields is the fruitful source of fever to the 
houses which immediately surround it, and to the small 
streets which branch from it. Particular houses were Ferer 
pointed out to me from which entire families have ^^^ 
been swept away, and from several of the streets fever is 
never absent." Most of the witnesses examined were 
of opinion that " drainage, supplies of water, and 
ventilation, would extensively diminish existing mor- 
tality," and that where even partial improvement 
in these particulars, and especially more frequent 
removal of excreta, had been effected, considerable 
improvement in the health of the inhabitants had 
already taken place. Thus, of one court which was Effect of 
flagged, supplied with water, and cleaned regularly, thiUm*^' 
John Liddell, Esq., says (p. 110): '*In the seven months ^^^ 
ending March 1843" (before these improvements 
took place), " I attended forty-one new cases of sick- 
ness in that court ; in the last four or five months I 
have had but two cases." Dr. Aldis, in describing 
the offensive condition of the courts and streets in 
Whitechapel, says that one street " is very offensive in 
warm weather in consequence of the exhalations from 
stagnant water. I am called upon to visit more cases 
of fever there than in any other part of the district. 
. . Generally we find the most severe attacks of disease 
in the worst conditioned places" (pp. 112, 114). Of 
Liverpool, the condition of the cellars of which town 
we have already described. Dr. Duncan says {loc. ciL 
pp. 124, 133), "judging from the annual proportion 

c2 
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of deaths to the population, Jiiverpool is the most 
unhealthy town in England " (that is to say, was in 
the years 1838, 1839, and 1840); and he contends 
that the causes of this are to be found in "vicious 
construction of the dwellings, the insufficient supply 
of out-offices and of receptacles for refuse and excre- 
mentitious matter, the absence of drains, the deficient 
sewerage, and the overcrowding of the population,'' 
and that these causes work in two ways, " partly bj 
inducing a specific disease, and partly by deteriorating 
the general health of the inhabitants in such a waj 
as to render them more prone to the attacks of 
nearly all diseases." In Mr. Chadwick*s Report on 
the Sanitary Condition of the Labouring Classes in 
Great Britain, it is stated that in a block of dwell- 
ings for the workpeople attached to one of the 
factories in Glasgow, which were badly ventilated, 
over-crowded, and exceedingly filthy, fever was 
almost invariably present; "there were sometimes 
as many as seven cases in one day, and, in the 
last two months of 1831, there were fifty-seven 
cases in the building." After the rooms had been 
ventilated by tubes connected with the chimney of the 
factory furnace, we find " that during the ensuing eight 
years fever was scarcely known in the place. " (Zoc. cit. 
p. 135.) 

A striking, example of the danger arising from the 
emanations from decomposing excreta is to be found 
in the case of St. Kilda, in 1 838. The diminution of 
the population was here shown by Mr. Maclean to be 
"partly owing to the prevalence of epidemics, but 
chiefly to the excessive mortality which is at all 
times going on in infancy." " Eight out of every ten 
children," he says, *^died between the eighth and 
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twelfth days of their existence !" and he adds that 
" the air of the island is good, and the water excellent," 
so that " there is no visible defect on the part of 
Nature," and that, on the contrary, ** the great, if not 
the only cause, is the filth amidst which they live, and 
the noxious eflBuvia which pervades their houses;" the 
proof of this being that the clergyman's family, with four 
children, although living in precisely the same manner 
as the people around, with the exception of the state of 
their houses, "are well and healthy" (p. 140). In this Cellar 
valuable report Dr. Duncan points out that the Ward £3 un-°^ 
"where the largest proportion (more than one-half) of ^®*^*^^y- 
the population reside in courts or cellars, is also the 
Ward in which fever is most prevalent, one in twenty- 
seven of the inhabitants having been annually attended 
by the dispensaries alone;" and he remarks that "people 
do not die merely because they inhabit places called 
courts or cellars, but because their dwellings are so 
constructed as to prevent proper ventilation, and 
because they are surrounded with filthy and because 
they are crowded together in such numbers as to 
poison the air which they breathe " (p. 149). In cases 
where middens have been placed against the walls of 
houses so that their fluid contents have soaked through 
them, and the walls been continually wet with foetid 
fluid, the families are stated " never to be free from 
sickness." In the courts in Liverpool (p. 274) there 
is one ash-pit destined to hold the ofial from all the 
houses, which, being speedily filled, allows the filthy 
water to ooze through the sides into the nearest 
cellars, and from there being no underground drainage, 
and no thorough ventilation, the stench is horrible. 
" Thousands of our poorer classes are living, or pre- 
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maturely dying, in these /ever-succeasion houses." 
In the evidence given by Mr. Kelsey, on the drainage 
of London, when asked, " Does the state of filtli 
and the effluvia caused by defective sewerage, by 
cesspools or privies, and decomposing refuse kept 
in dust-bins, powerfully affect the health of the 
population ? " snys, " Yes, it does ; it always oc- 
casions a state of depression that renders persons 
more liable to be acted upon by other poisons, even if 
it be not the actual cause of it. The line o/habitaiioiu 
ba{Uy cleansed and in this condition almost formed fie 
line of cholera cases." Then naming a series of 
locaHtifs, he adds: "All these places are distinguished 
by filth and want of drainage and proper washing; nine- 
tenths of the diseases come from these filthy places." ' 
In the reports of the medical officer of the Privy 
Council we find innumerable instances of high death- 
rate, especially from typhoid fever, being caused by 
the means we have above described, and being, as we 
shall hereafter see, very considerably lowered on the 
removal of tliese causes. In the Third Report it is 
shown that the water of Bedford (a town of cesspools) 
" was largely contaminated by decaying animal matter'' 
(Professor Miller), and that every year there occurred 
there, " on an average, about thirty deaths from fever 
and diarrhceal diseases, to account for which number 
of deaths there must liave been attacked every year by 
the same diseases, more or less severely, some hun- 
dreds of persons." In all the other towns into whicli 
the causes of epidemics of typhoid fever were inquired 
into similar conditions were found. At Bathwick 
there was operating in a high degree the influence of 

■ First Report, HuiilUi of Tow-ns C^on 
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faecal putrefaction in the air and drinking-water. At 
Kingston Deverill the water supply was good, and the 
privies far removed from the houses, so that the air 
was not much polluted. Typhoid fever, on being in- Typhoid 
troduced, spread so as to affect a sixth part of the ®^®"**- 
population, the reason probably being " that no pre- 
cautions were taken in dealing with the evacuations of 
the sick ; that these dangerous morbid products were 
extensively cast on to the common dust-heaps (as 
doubtless also into the common privies) of groups of 
houses wherein fever cases had arisen." At Dronfield 
(in Derbyshire), where too there was an epidemic 
which had been prevailing for about six months, 
the urgent evil was "accumulation of animal filth," 
the diarrhoeal excrement of typhoid fever cases being 
apparently thrown about anywhere and allowed to run 
down the open drains in the streets. In the 4th and 7th 
Reports the epidemics of typhoid at various places, of 
M'hich we have already described the sanitary condi- 
tion as regards neglected privies, midden heaps, cess- 
pools, and so forth, are shown to have always taken 
place irt connection with accumulations of decom- 
posing filth. Thus at Steyning, a town naturally very 
favourably situated, there have been continual " epi- Most 
demies of cholera, small-pox, scarlatina, and diph- where^ 
theria; " and with regard to typhoid fever it is stated that ™^^* ^^*'^' 
the cottage in which it was most fatal " was that in 
which faecal impurity had been the greatest." (We have 
already described the condition of this cottage.) In the 
colliery settlements of Gilesgate Moor, which were in 
a most offensive condition, and where the inhabitants 
actually wantonly destroyed some privies which were 
provided for them, it is stated *' that disease was very 
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oommony and that minor ailments, nausea, vomiting, 
and diarrhcea are very constantly present." In one 
house in Seacroft there were five cases of typhoid 
and one of small-pox at the same time. Dr. 
Stevens reported that there was no drainage there, 
and that the wells were close to filthy pigsties 
and midden heaps. The water was foul. With re- 
gard to the sanitary state of Bridport, a town which 
"enjoys, by its position, elevation, and soil, every 
natural sanitary advantage," Dr. Buchanan reports 
that the death-rate from fevers in persons of all ages 
has been 114, and that in one of the parishes it has 
been actually 136. Of this town he says: " Scarcely 
one London district really reaches the fever death- 
rate of Bridport, for those which appear to exceed it 
are chiefly those in which the great metropolitan 
hospitals receiving fever are situated. With liOndon 
City, with Clerkenwell, with Marylebone, and St. 
Pancras, Bridport will not bear a moment's compari- 
son as to its fever mortality; no, nor even with Holborn, 
or Bethnal Green, or St. Giles's."* (We have already 
described the condition of the cesspools and ash-pits 
of this town.) At Ashby-de-la-Zouch, after an ab- 
sence of typhoid fever for two or three years (since 
the sanitary improvements), it reappeared owing to the 
filtration into a spring from an adjoining cesspool. 
It was shown that persons inhabiting more filthy 
houses than the one in which the fever appeared, and 
close by, but who got water from a neighbouring tap, 
were never attacked. At Pill, near Bristol, the cholera 
having been introduced into a public-house in a low- 
lying part of the town, at once spread with fearful ra- 

* Seventh Report, Med. Off. Privy Council, Appendix, p. 524. 
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j)idity, especially along the filthy creek which has been 
already described as au open sewer. At Carnarvon, 
too, the great spread of cholera was traced to the 
especially bad hygienic conditions. The researches of 
Dr. Snow and John Marshall, Esq., F.R.S., have proved 
that cholera is spread by contaminated drinking-water. 
A t Terling and many other places typhoid fever has 
been traced to the contamination of the wells from the 
foul cesspools. In fact, all the evidence that we can 
collect leads us to the conclusion that '' there cannot 
be a healthy population living over or amidst the 
emanations from cesspools.^' But this conclusion was 
come to long ago. We find from Dr. Laycock's evi- xaye'a 
deuce, before quoted (see page 17), that Caius (or ^^ 
Kaye), in his "Boke, or Counseill against the Disease 
commonly called the Sweateor Sweatyng Sicknesse," 
gives the following wholesome advice : — " Take away 
the causes we maye, in damnying diches, auoidynge 
cari6s, lettyng in open aire, shunning suche euil mistes 
as before spake of, not openynge or sturrynge euil 
brethynge places, landynge muddy and rotte groundes, 
burieng dede bodyes, kepyng canelles cleane, sinkes 
and easyng places sweat, remouynge dongehilles, boxe 
and euil sauouryng thynges, enhabitynge high and 
open places, close towarde the sowthe, shutte toward 
the winde, as reason will and the experience of M. 
Varro in the pestilece at Corcyra confirmethe." 

It is continually pointed out that sickness is the chief Sickneas 

« , I i. r i. r\ 'x causes non- 

cause of the non-payment of rent. One witness says: payment of 

" Three out of five of the losses of rent that I now have ^^^ 

are losses from the sickness of the tenants, who are 

working men Rent is the best got from healthy 

houses." Another says; " Sickness at all times forms 
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an excuse for the poorer part not paying their rent, 
and a reasonable excuse." {Firsl Report H. of T. C. 
vol. ii. pp. 303, 312.) 

So that filth causes sickness, sickness iDabilit; to 
work, inability to work poverty and oon-payment of 
rent, to say nothing of starvation. 
Leguii- With regard to the interference of the Legislature 
ttnaas. ' to prevent a man doing as he likes in his own house, 
we may quote again the remarks made by Mr. Hooie 
on the former state of Liverpool : — " The man who. 
in a crowded street, is living in filth and breath- 
ing a putrid atmosphere, or who makes that street a 
receptacle for the 00*01 which he casts from his dwell- 
ing, becomes the instrument of danger to his neighbour 
by spreading infection, and he not only hazards his 
own life, but endangers that of others. The man who 
erects a flimsy edifice in a crowded thoroughfiire, 
which by its falling may destroy life, should be pre- 
vented doing so, and he who constructs a house to let 
for profit and pays no attention to those matters which 
are essentia! to comfort, but, on the contrary, so con- 
structs it as to engender fever and endanger the lives 
of his tenants — all these are cases where, with pro- 
priety and in justice, the Legislature ought to interfere 
and to insist upon such a mode of construction as will 
not endanger human life.'" 

In Vol. i. of the Brussels Public Hygiene Reports the 
conditions for the interference or non-interference of 
A mans tlic Legislature are stated very exactly :— " Whenever 
nn abuse in the exercise of tlic right of propnetor cau 
only injure him who commits the abuse, the public 
authority is incompetent to interfere, and in this case 
' first Report, Health of Towns C'ominn. !M44,vol. i, p. 2fl2, 
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a citizen has the right to use and abuse his own person 
and effects. Whenever, on the contrary, the possible but not 
consequence of this abuse may be to cause the break- muiaty at 
ing out of epidemics or public calamities, the authority puf^c'^^'^ 
can, and even ought to interfere by prescribing regu- property. 
lations which forbid this abuse." As a forcible illus- 
tration the following is given : — " Because each farmer Example. 
has the right to poison his own cattle, if he is such an 
enemy to his own interests as to commit this mad act, 
it does not follow that he has a right to sow a field 
with poisonous plants, the emanations from which naight 
injure the health of the cattle of the neighbourhood ;" 
and the conclusion is, that '^each administration can Duty of the 
order, and even ought, in the performance of its duty, ^^^f^y. 
to order, in the construction of habitations, everything 
which is essentially necessary to ward off epidemics, 
and to guarantee to the neighbours a healthy state of 
the atmosphere." {Rapports du Conseil Superieur 
(THygiene Puhlique, 1^ Vol. pp. 5, 6 : Bruxelles, 
1856.) 
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CHAPTER III. 

IMPROVED MIDDEN-PITS AND CESSPOOLS. — MIDDEN 
CLOSETS, PAIL CLOSETS, ETC. 

The simplest form of midden heap as it exists in all 
uncivilized places having been already described, it 
remains for us to allude to several improved forms of 
middens which have been fully described in a Report 
by Dr. Buchanan and Mr. J. N. Radcliffe, of which 
Dr. Buchanan courteously lent us the proof-sheets.* 
Improved The first improvement on the old midden-pits is to 
^tB, Uned make them impervious by lining them with cement, 
and rounding off the angles so as to make them 
concave at the bottom. Thus, at Nottingham this is 
done, and the ashes are thrown in by a door at the 
side : here the pits are not drained, but are roofed 
over. The closets are not allowed to be less than 
4 feet 6 inches long by 3 feet broad and 7 feet 
6 inches high ; their roof must be louvered for ventila- 
tion, and their floor sloping, that it may be easily 
washed. The single midden-pit contains 80 cubic feet 
up to the level of the ash-door sill, and one lengthened 
pit may be continued under a row of closets on the 
"block system," as it is called; it must be at least 
15 feet from the house. A single closet costs from £!) to 

^ This Report has since been published in the Appendix to the 12th 
Report of the Medical Officer of the Privy Council 
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£10, and several in blocks from £5 10«. to £6 lOs. 
each. The closets are limewashed twice, and the pits 
emptied regularly four times a year. Dr. Buchanan 
found them clean, not wet, and productive of no great 
nuisance; but there was a smell, especially in the 
larger ones, when the ash-pit door was opened. Slops 
must not be thrown into these pits, or they invariably 
become offensive. At Stamford, the corporation have shallow 
approved of a somewhat similar plan to the above. Singed 
with. the improvement of a shallower pit and a hinged "**• 
seat, so that the ashes can be thrown directly on to the 
excrement : one of the doors into the midden is to be 
made large for the convenience of the scavengers. A 
" block " of four such privies will cost £35 9*. 0^. ; 
of only two, £22. 

In Manchester, as is well known, ash-pit middens 
are very much used. In his evidence given before the 
Royal Sanitary Commissioners in 1869, Sir Joseph 
Heron, the town clerk of Manchester, said : " The Manchcg- 
arrangement which we try to carry out is to deodorize ^ ^ *°' 
to the extent practicable, by means of the ashes which 
necessarily are met with in every dwelling, and by an 
improved construction of ash-pits. There is a grid, as 
they call it, to allow the small ashes to pass into the 
ash-pit, and in that way also to have them cast on the 
faecal matter ; and it is generally said, and I certainly 
have been in privies and ash«pits which have been 
constructed upon a good principle, where there has not 
been anything like the smell which, I am sorry to say, 
I certainly often experience in water-closets in hotels 
in London.'^ He however acknowledges, that the plan 
is adopted merely *' with a view to improving and 
getting rid as far as possible of the objections which 
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may ))erhBpa be necessarily incidental more or less to 
that system," and that its object is to " keep out of 
the sewers as much as possible the faecal matter which 
in itself renders them polluted," "until a mode of 
disponing of and deaUng with sewage has been in 
some way satisfactorily determined." 
Conditiona The Specifications for the Manchester midden-pits 
require (I) that the pit " shall receive no moisture from 
the soil around, nor allow of any soaking of liquid filth 
out of it :" and this end is as far as possible secured 
by lining the pits with Rochdale flags embedded in 
mortar, and by giving the floor an inclination of not 
less than three inches to the outlet in connection with 
the drain; (2) "dryness, as far as practicable, of its 
contents : " this being secured by the inclined floor 
and by (3) " exact and efBcient covering up of the 
deposited excrement by the ashes and house refuse;" 
an end attained by one of several methods i— (a) 
a grid, as described by Sir J. Heron, into which the 
ashes are thrown, and which sifts them, sending the 
fine ash by means of a shoot on to the excrement, 
A«iies,hoir and retaining the cinders to be used again as fuel; (ft) 
""" ■ a hinged privy seat, which can be lifted so that the 

ashes may be thrown on to the excrement : with this 
plan is sometimes combined a special urine catch-pan, 
so that the contents of the midden have a greater chance 
of being dry; or (c) the front board of the privy does 
not quite reach to the floor, and carries a narrow step, 
between which and the floor is the space through 
which the ashes are thrown: the seat is hinged at the 
back, so that seat, front-board, step, and all can be 
lifted up when the pit has to be emptied ; and (4) " the 
dispersion, at some safe point, of any noxious gases 
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evolved from the contents of the midden," which con- Ventiia- 
dition is secured by the construction of ventilating flues 
of not less than 81 square inches in area, which are 
carried up outside the wall of the house to three feet 
above the eaves. These middens (except of form c) are 
emptied through holes closed by ledged doors which 
lead into the passage running behind the row of 
houses, and the privies are covered with well-pointed 
slated or flagged roofs. 

These requisitions remind one of the regulations 
for the French fosses permanentes, except as regards 
the question of dryness of the contents, in which 
respect the midden-pits presept a great advance on 
the foreign system. Their chief fault, as middens, is 
that they are too large, and so the accumulation 
becomes very great in them ; they should also not 
be allowed to be close to houses, as one cannot be 
very sure that liquid does not, occasionally at any rate, 
escape from them. 

At Salford, where raidden-pits are almost universal, 
they are required to be three feet from the wall of the 
house, to have a drain into the sewer, and to be free 
from leakage ; the closets must be outside the house, 
and have near the top an opening to the air of 12 square 
inches at least, and there must be one to every house. 
The slab is constructed so that the ashes are thrown 
under the " upright,'' as in the third Manchester 
plan : " Except where a closet was locked, and its use People 
restricted to a single family, or at the most to two or fhem pro- 
three families, we found them in a most unsatisfactory p^^^- 
state," the fact being that the people threw the ashes 
on the open ash-pits close by rather than under their 
own privy seats ; thus showing that the lower classes 
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of people cannot be allowed to have anything whatever 
to do with their own sanitary arrangements ; every- 
thing must be managed for them. 

A somewhat similar plan obtains at Saltaire, a vil- 
lage near Bradford, and although the slops go into the 
sewers, the midden-pits are offensive unless the ashes 
be very carefully thrown on to the excrement, a precau- 
tion which people, as a rule, cannot be expected to 
take ; when well used, however, they give no offence. 
The best form of midden closet is the one in use at 
Hull : it was tried because " the water-closet, used in 
common by several families^ was, as might be ex- 
pected, ^'everlastingly a nuisance/' (The italics are ours.) 
Smallest lu this plan there is no pit at all, but the spac^ 
midden- Underneath the seat, between it and the floor, is the 
^^^ sole receptacle of the soil and ashes, which latter are 

thrown in with a scoop through the hole in the seat. 
The front board is movable, so that the scavenger 
may get at the contents with a spade. When these 
closets are used by decent people they are clean, and 
the contents dry and inoffensive, as plenty of ashes 
are thrown in, and the slops go into the drains ; but 
when used by several families they were found to be 
overflowing from not having been emptied often 
enough ; they then require to be emptied every day. 
" Many of the privies in poor quarters can only be 
reached through the house." 
Scaveng. The Scavenging system is good. The town is 
divided into forty-six districts, of from 300 to 700 
houses each. These districts are let out to separate 
contractors, one contractor being allowed to take two 
districts if he chooses, but not more. These con- 
tractors are paid by the value of the manure, and by 
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an allowance which the Board makes them of 1^. to 
] s. 6d. a year for each house, so that the proceeding 
costs the Board £2,000 a year, and is likely to cost 
them more, because the . mixed soil and ashes do not 
sell well, and because increased supervision is necessary. 

Where, then, the midden system is continued, the Beat con- 
closet should be away from the housey and should 
be roofed in, floored with sloping flags, and well 
ventilated; the midden-pit should be very small, 
preferably only the space under the seat between it 
and the floor v it should be impervious on all sides, 
and should not on any account be against the wall of 
the house, or even near to it; it should not be drained, 
for if the ashes do not keep the contents dry, or 
nearly so, the system is a failure. 

There can be no doubt, however, about the fact 
that any form of this plan is unadvisable, from the 
great expense of scavenging, and the inconvenience 
caused by the frequent visitations of the scavengers 
or " nightraen," especially as they have to dig out the 
contents of the pits. People do not like these objecUonfl. 
frequent visitations, and this objection will be found 
to apply to many other systems which are now on 
their trial. Any plan which will make such visits 
as infrequent and as short as possible will be pre- 
ferred by ninety-nine persons out of a hundred. 



IMPROVED CESSPOOLS.. 

To obviate the evils of soakage, &c., "we line 
the cesspool with cement, and provide an overflow 
drain from it into the common sewer or the nearest 
outlet;" in other words, the improved cesspool is a 



•' .* 



6i IMPEOVED MIDDEN-PITS, CESSPOOLS, ETC. 

Cempooi sort of cut-de-sac froni the house drain, which catches 
cemeDt, the more solid matters, and keeps them for an inde- 
dnlined. finite time underneath the house or in close proximitr 
to it, allowing the more liquid part to run away inln 
the nearest sewer ; the advantage of the plan being, it 
is presumed, the value of the manure so preserved. As 
to the relative value of what is lost in this way to 
what is kept, we must refer the reader to the head of 
"Utilisation." It must not be supposed that this 
care to prevent pollution of the neighbouring wells 
was always taken, for generally the sur^ee drains were 
left to " carry off the sullage from overfloteinff ce»s- 
poola," as at Ely and Chelmsford ; and where the pits 
are drained, as at Stratford-on-Avon, they are often a 
nuisance through the choking of the drains ; the actnal 
disadvantage in some respects of draining them is seen 
from the fact that here they are only " supposed to be 
emptied about o»(7eaycar." If a nuisance, and if ca»- 
plained of, the inspector removes them. No wonder 
that improvement is so slow I {Ninth Report M.O. 
P. C. pp. 155, 179.) 

At Worthing the cesspools were "constructed so 

as to retain liquid aa well as solid contents" (of course 

Overflow as far as practicable); "the overflow of them com- 

wlien DDt ', . I. 1 1- . ■ 

drained, mouly passtug into the trough system of public drains ; 
and instance after instance is given of cesspools 
requiring to he haled out, or overflowing through 
inefficiency of drains from them." {Loc. cit. p. 194.) 
At Liverpool, the Health Committee, in 1846, 
ordered all cesspools, middens, and water-closets to be 
drained into the sewers. " The perfect drainage of mid- 
dens and cesspools was a great sanitary improvement 
It lessened materially, though it did not entirely 
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remove, the evils of the existing system/' {Report by 
Dr. Trench, First Report, R.P.C. 1868; vol. ii. p. 303. 

But it must be observed that the whole principle Principle 
of cesspools is given up by draining them into the pi^^np*) ' 
sewers, and it becomes difficult to see the object of ^l^t^ 
their existence at all, especially as it is probable that, ^^^^^^ 
in the words of the last-mentioned authority, they " do, 
by their drainage, pollute the sewers to an equal, if not 
to a greater, extent than water-closets/* {Loc. cit.) 

The closets, or rather privies, are of course of the 
simplest construction, as a general rule, and require 
DO special description. 

Where the cesspool system has been strictly adhered 
to, ad in many continental towns, the huge pits, which 
are generally placed under the court-yards of the 
houses, are lined vrith cement, so as to be as imper- 
vious as possible ; and in Paris and some other PbHr, ^c, 
towns they must be provided with a ventilating shaft maQentesr 
reaching up some feet above the roofs of the houses* 
The general rule is, that they shall be so large that 
they only require to be emptied once in three or four 
months : and this is usually done by pumping the 
contents through hose into large cask-shaped carts 
{tonneatiw\ which are sent for the purpose at night 
when required ; or by air-tight carts, in which a par- 
tial vacuum is first created, so that the sewage is 
forced up into them through the hose by the pressure 
of the air, and pumping is not required. 

Thus, at Brussels, the specifications for the *' fosses BmsBeii. 
permanenies" require that "the pits {fosses) should 
be constructed according to the rules of the craft, 
with a concave floor {pavement) and rounded corners, 
and covered witji a layer of cement or trass, which 

d2 
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does not leave any interstice by which the liquids and 
the (faecal) matters could infiltrate themselves into the 
masonry and into the surrounding soil. When (faecal) 
matters are allowed to remain in the pits, these must 
be provided with a ventilating pipe directed aloft, so 
as to carry away the emanations far from inhabited 

Precaa- placcs/' And with regard to the emptying of these 
pits, it "ought to be conducted with the greatest 
care. All precautions should be employed which 
may be necessary in order that the removal of the 
(faecal) matters shall not infect inhabited places; to this 
end, recourse must be had as much as possible to 
pumps, which remove from this proceeding its incon- 
veniences and its dangers." {Conseil superieur d'Hf- 
giine Pvblique : Rapports advesses d M, le Miniaire 
de rinterieur, 2* vol. pp. 242-3. Bruxelles, 1860.) 
Despite all such precautions, the ^^fossea perma- 
nentes'' are not water-proof, but allow percolation 

Em|>tying. into the surrouuding soil to a great extent ; and the 
operation of emptying them is necessarily a most offen- 
sive one, as every one knows who has passed along 
streets while it was going on, although (at any rate in 
Paris and Lyons) a sufficient amount of disinfectant 
fluid is supposed to be thrown down one of the pipes 
into the cesspool before the pumping commences. 

"S^paiB- \i Paris these cesspools are often provided with a 
separator to keep the solids and liquids apart: this 
is simply done by having two or more reservoirs, 
communicating one with another by means of small 
holes through which the liquid parts pass ; each of 
these chambers is provided with a ventUating chim- 
ney. This separation materially retards decomposition. 
The Council of Salubrity found, " with a separator and 
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good ventilation, absence of odour, and completely 
healthy conditions (assainissemenf) ; when ventilation 
is not provided for, or is badly understood, the separator 
only gives what result it can, and does not prevent the 
production of a bad odour." {Tardieu, Dictionnairfi 
d^Hyffihne Fubltque, art. ** Fosses d^ Aisances'') 

The object of the precautions taken with regard 
to the pits and closets is to ensure as far as possible — 

" (1) Absence of noxious or disagreeable miasms condiiiona 
and odours. ^ 

"(2) Solidity, simplicity, and economy of the 
apparatus. 

" (3) Preservation of the contents in their natural 
condition, and their removal as promptly as possible 
by methods calculated to obviate all inconvenience 
and all danger.^' 

With regard to the closets for public buildings 
(hospitals, schools, prisons, barracks, &c.), it is ordered 
that " the soil-pan must be in porcelain {faience), or • 
in sohd glazed stoneware. It is provided with a 
groove, to be filled with water or wet sand. The 
lid, to close it hermetically, must to this end be fitted 
with a ridge which enters the groove so as to prevent 
the issue of gases. This method has been applied 
with success in the cells of prisons recently con- 
structed, where there is in each cell a completely 
inodorous privy-seat {sie^e cTaisances,) 

" The pipe connecting the seat with the cesspool " Tuyau 
must communicate as directly as possible with the 
cesspool ; its internal surface must be quite smooth, 
and it must be made of a material which will not be 
corroded by the action of the licjuids or gases which 
may be in contact with it : to this end it must be 
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of lead, or preferably, in large establishments, of stone- 
ware glazed on the inside ; the various pieces of it 
must be firmly fixed with well-closed and luted 
Tnpped. joints. This pipe should have an apparatus for inter- 
cepting the air (valve or syphon), which may be 
washed by throwing water down or allovdng some 
to run through it. There should be two such valves 
or syphons, the one directly under the soil-pan, the 
other at the lower extremity of the pipe : this lower 
syphon is not to plunge into the contents of the 
cesspool or sewer, its contents must pour themselves 
into that receptacle. 

** At Brussels it is castomary to place at the foot 
of the descent-pipe an iron reservoir which fulfils 
the part of a syphon. This apparatus allows of the 
cesspool being placed at a convenient distance, a 
Ventiia- communicating sewer being made. When the closets 
cioeetB. are indoors It is advantageous to arrange a sufficient 
and well-aerated space between the rooms of the 
house and the closet,^ and to establish in this latter, 
besides the window or opening which lights it, a 
ventilation -pipe. 

'' Each closet is to have only one window, and the 

doors must be arranged so that the lower part of 

the legs and the upper part of the body can be 

seen." (For reference see p 36.) 

cioKtfl At this point a few words must be said on the 

abroad. ordinary closet arrangements of continental towns 

as a general rule. We have observed closets of three 

SeaUi Icinds : {a) those in which the seat is made of wood, and 

which answer their purpose tolerably well in private 

houses, but which invariably become excessively filthy 

^ This M. Tardieu tenni a '' suicrott de precautions I " 
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in all public places from the prevalent abominable 
custom of standing upon the seat ; {d) those which 
have a stone seat, if a construction can be so called 
which could never have been intended for any one 
to sit upon : these are infinitely preferable to the 
former ones, wherever the above-mentioned habit is 
usual, as the stone slabs do not become sodden 
like wooden planks do, and can be washed more 
easily and more effectually; and (c) those without No scat. 
any pretence at a seat at all, and in which the 
convenience (?) consists of a zinc floor inclining to 
a hole, immediately beneath which is sometimes a 
swinging trap which closes the mouth of the pipe 
or drain, but which gives way virith a ^''ght weight, 
returning into position immediately afterwards. Of 
the three forms the last is undoubtedly the best fitted 
for all public places in countries where seats in closets 
are obviously an unnecessary luxury, and soon become 
an unmitigated nuisance. 

In all these cases the pipe descends directly from 
the soil-pan, when there is one, from the fioor when 
there is not, to the cesspool under the house, and the 
flushing, such as it is, takes place when the slops are 
thrown down. There is often no sort of trap at often do 
either extremity of the pipe, so that the putrid gases *"^' 
formed in the cesspool rise up into the rooms of 
the house; when, however, one of the above-men- 
tioned simple traps, invented by MM. Rogier and 
Mothes, is placed at either end, or one of these at 
the one end and a syphon at the other, there is 
much less danger of this. 

The ventilators of the cesspools are generally car- Venti- 
ried up along a stack of chimneys, so that the air in ^^"* 



carta. 
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them is warmed and an upward current created. 
Although they rise above the chimneys, there must be 
a risk of the foul air being occasionally blown down 
the chimneys into the houses. 

"Pneuma- A System called "Captain Liemur's System,'' k 

iem.*^* described at great length in a work recently published 
(" The Sewage Question :" F. C. Krepp). It is essen- 
tially a variety of the French ''fosse permanente" the air- 
tight iron cesspool being placed under the street where 
two streets cross, instead of under houses, being con- 
nected with all the houses in several streets by iron 
pipes, and being emptied daily by " pneumatic pres- 
sure" into a closed, air-tight cart : no water is to be 
used in the closets, which are constructed on a special 

Air-tight plau. We have little evidence of the practical working 
of such a plan, but we know what air-tight carts filled 
by " pneumatic pressure " are in continental towns, and 
have no desire to see their disgusting nocturnal proces- 
sions in London, or anywhere else.' Every possible 
precaution is taken in Paris to secure as far as possible 
freedom from offence, and yet when the " tonneauw " 
are filled, and miles from the place where they get 
their load, they spread around them, as they go along 
towards La Villette, a most abominable stench. 

Cost of a As to the expense of a cesspool, it may be stated 
that such a one as is put to a labourer's house costs, 
for digging and lining with brick, from £1 IO5. to 
£2, and that if lined with cement, without which 
there is no pretence at imperviousness, it would cost 
£1 more. If an overflow drain were provided, it would 
cost I5. ^d. per foot, and be not less than thirty feet long 
(probably fifty feet) ; this, with the cement for a cess- 
pool 3 feet 6 inches in diameter, " would not at the 

^ See Appendix. 



cesspool, 
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London prices be less than £3 5«." " Making the 
whole expense of the cesspool so protected about £5, 
and involving an annual rent, at 10 per cent., of 10*. 
for the cesspool alone." {First Report H. of T. C. 
vol. ii. p. 318.) 

The expense in Paris of making a cesspool varies from in Pari«. 
160 to 200 francs (£6 8«. to £8) for one of eight 
cubic metres (282*4 cubic feet), provided with sepa- 
rators, ventilating shafts, &c. ; such a reservoir *' only 
becomes full at the end of a year in ordinary houses, 
that is to say houses inhabited by thirty persons." 

The Health of Towns Reports inform us that the ExpenReof 
average expense of cleanmg a cesspool in the metropolis 
was about £1 per annum. When this is tested by ex- 
amining the evidence, it is found that in Southwark 
and Battersea the expense was **£l each time for 
small tenements, and as much as £3 for large ones.'^ 
Where percolation into the surrounding soil is favoured, 
the cost is of course lessened. " From four to eight- 
roomed houses do absolutely cost about ^d, per week 
for cleansing the cesspools." {Loc. ctt. p. 122.) So 
that it is to the advantage of the owner of a cesspool 
in a large town to adopt the Northampton principle as 
much as possible, and assist the escape of liquid sewage 
into the surrounding soil, and therefore, as we have 
already seen, into the neighbours* wells, as much as 
he can. Surely it would be difficult to say anything 
more condemnatory of a system than this. No one 
maintains that it is an improvement to well water to 
be " diluted sewage ; " whether it is a sanitary advan- 
tage or not, will be considered in another place. The 
total cost then, including the interest on the original 
outlay, would be **in the metropolis" from £1 to 
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£1 lOs. per annum; or £1 2s. per annum, or &om 
4d, to 5d, per week, for common tenements ; and this 
does not include the cost of the closet itself. 



Dimina- 
lion of size. 



"Fosses 
mobiles." 



TEMPORARY CESSPOOLS. — "FOSSES MOBILES, PAILS, 

BOXES, TUBS, ETC. 

It is plain that in order to lessen as much as possible 
the chances of soakage from cesspools, just as from 
middens into which ashes, &c., are put, the best thing 
to do is to diminish their size as much as possible, so 
that they may be emptied frequently; this presenting 
an additional advantage in the more rapid removal of 
the refuse matters from the proximity of dwellings. 

The most obvious example of this plan is to be 
found in the continental *' fosses mobiles" We extract 
from the Belgian report before quoted (page 36) the 
following account of the system as practised at 
Brussels especially in large public establishments : — 
" The system of closets with ^fosses mobiles' has for its 
object the collection of (excremental) matters in a state 
of purity, without mixture with water, in desirable 
conditions of cleailliness and absence of odour." 
Siege." ** (1) Seat. — This consists simply of a soil-pan of 
stoneware or faience,'* There is no woodwork, and 
the soil-pan merely projects from the top of the descent- 
pipe. ''Its border has a groove in it filled with 
water or sand, into which the raised rim of the lid fits. 

** (2) Connecting-pipe. — ^This pipe, straight, without 
syphon, joins the descent-pipe at a very acute angle 
(22^), and is about 4 inches in diameter inside ; it is, 
like the next, made of stoneware, glazed inside. 

" (3) Descent-pipe. — This is from 6 to 8 inches in 
internal diameter ; it is straight, vertical, and is com- 



** Tnyau 
manchon. 



" Tnjaa 
de chate.*' 
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posed of a series of pipes connected with each other 
by dry sand joints, without cement, fixed to the wall 
by iron bands ; it rests, at the ground-floor level, on a 
strong flagstone. Its prolongation, through and below 
this stone, consists of a sliding pipe of wrought copper, 
capable of being lengthened or shortened, and solidly 
fixed to the stone by a east-iron connecter. A sort 
of cirqular shallow dish (Scuelle), which can be hung 
under this last part of the descent-pipe, serves at a 
given moment to shut its lower orifice. 

"(4.) Tu6 {tonneau). — ^The excremental matters "Ton- 
coming down the descent-pipe fall into a tub of from « tiq. 
2 to 3 hectolitres (44 to 66 gallons), into which dips, ^®*^" 
fitting tightly (into a hole in the top), the lower part 
of the pipe. A cover fitted with a spring serves to 
shut and lute, by means of a little hemp, the tub when 
it is full. Placed on a stand furnished with wheels, the 
tub is easily managed ; when filled, it is immediately 
replaced by another similar contrivance. If the tub 
is underground, the rails (on which the stand moves) 
should be placed on an incline, so that the removal 
and replacement may be easily eflected. The under- 
ground chamber must be isolated, and the entrance to 
it placed outside the building. The thorough tarring 
of the interior of the tub not only preserves the staves, 
but also partly neutralises the efiect of the mephitic 
gases which the (excremental) matters disengage. 

'•(5.) VentUation-pipe, — ^To prevent the smells and "Tuyau 
gases which are given ofl* from the mouth of the tub, 
from spreading themselves (in the house) by means of 
the opening in the privy-seat, at the upper extremity, 
of the descent-pipe is fixed a ventilation-pipe, which 
rises above the coping of the roo^ and the action of 



44 IMPROVED MIDDEN-PITS, CESSPOOLS, ETC. 

which is increased by means of a vane, or any other 
contrivance producing the same effect." 

The expenses of this apparatus are said to be 
'' relatively small, and are besides amply compensated 
by the returns from the sale of the manure.'' 

Earthenware urinals are placed in the boys* and 
men's departments, and are connected with the soil- 
pan or one of the descending pipes by means of a 
leaden pipe slightly bent in the form of a syphon. 

With regard to the ^^ fosses mohiles " for the 

sleeping-rooms and sick wards the following directions 

"Sieges are given: — "These seats must be arranged so as to 

d'ftlBMICOB 

mobiiei." cause no smell. Wood is to be forbidden, as it is 
readily impregnated with faeces and urine ; faience 
stoneware, or pottery, as being too heavy and liable to 
be broken. Preference should be given to the utensil 
of galvanised iron or of counter-oxydised iron, used 
in prisons : closed by a lid of the same metal, which 
fits into a groove filled with water, this vessel is 
carried with one hand, by means of a handle fastened 
to two rings on it, without allowing gas to escape 
during its passage. It can be placed in an ordinary 
bed-chair when thought necessary." 
Fault of In this system as applied to houses it will be seen 
Uon.** that there is no trap, no syphon, nor indeed any 
contrivance to prevent the gases which accumulate 
from rising into the connecting-pipe and soil-pan; 
reliance is placed on the vane at the top of the 
" descent-pipe," which of course as a rule, if well 
arranged, causes a draught upwards, and upon the 
supposed air-tight lid. It is easy to see, however, that 
the draught can never be sufficient to draw the air 
very forcibly downwards when the lid is lifted, and 
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SO the light gases collected in the soil-pan (which is 
most conveniently placed to receive them) take this 
opportunity of escaping into the house. If by any 
chance the ventilation arrangements do not act as 
they should, there is nothing v^hatever to prevent the 
house being supplied with air through the privy-seat 
as soon as the lid is lifted. 

Various devices are employed in Paris for the sepa- 
ration of the liquid from the solid contents in these . 
tubs, and sometimes the liquid parts run away from 
them directly to the sewers, or into a cesspool. 

The price of a single ** fosse mobile'' with ^sepa- Co6t. 
rateur is from £2 to £2 10*.*; for one having three 
divisions, and so serving for several descent-pipes, 
from £6 10s. to £7. The expense of emptying the 
solid matters alone for a house of thirty persons, and 
furnished with a " separateur mobile/' is : Removal 
of twelve boxes at Ifr. 50c. a year, 18fr. ; hire of 
apparatus, 20fr.; i.e. 88fr., or about £1 10^. a year 
altogether. This, M. Tardieu remarks, is without 
doubt a high price; ''an inconvenience which is 
inevitably attached to the system of ^fosses mobiles,' 
but M'hich is compensated for by the easy and prompt 
removal of the putrescible matters." {Dictionnaire 
d'Hyffiine PubliquCy art. ** Fosses d' Aisances'') 

The establishment and management of these con- Aathoriu- 
trivances in Paris is strictly under the control of yWo"n.^*'" 
the authorities ; they may not be fixed, moved, or 
emptied except by duly authorised persons, and 
since 1851 they must be supplied with a separating 
apparatus. 

The German system of moveable receptacles 
{Abfuhrtonnen) is much the same as the above^ but 
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the simpler form of a mere bucket under the privy-seat 
is in use in many towns (Berlin, Leipsic, &c.)* 
Yanishing • This is the vanishing point of the undrained cess- 
cenpooi. pool. We have seen it reduced to a 20, 40, or 60- 
gallon cask in the larger ^^ fosses mobiles ;" now we find 
it reduced to a mere box, pail, or bucket, just as we 
saw the midden reduced to a mere space under the 
seat, between it and the flagged floor ; in each case 
the underground pit is entirely abolished. 

From Dr. Buchanan and Mr. Radclifie's report we 
find that this system is in practice at Leeds and at Not- 
tingham; at which latter place, however, a little earth or 
ash is put into the bottom of the box, to prevent the 
contents from adhering to it. There are, besides, 
separate bins for the ashes and house refuse. These 
boxes are removed daily, or two or three times a week, 
being either emptied into the carts or carried off 
altogether and replaced by fresh ones ; the scavenging 
is all done in the night, and the refuse is taken away 
from the town by canal barges and sold for manure. 
MoTeabie At Rochdalc, too, moveable tubs under the privy- 
seat are in vogue. A little fine ash and common salt 
is sprinkled over the bottom of the tub for the same 
purpose as at Nottingham, and also perhaps with the 
view of retarding decomposition ; the ashes and house 
refuse are thrown into a separate tub ; the pails are 
made from disused parafiin casks, each cask being cut 
in two ; they are fitted with iron handles and with 
tightly fitting lids, and cost 3«. 4^. each ; they are 
changed twice or three times a week, and cause very 
little nuisance either in the houses or in the streets. 
The cost of changing a midden closet into a pail 
closet is 80^., or £10 for seven. 



tuba. 



IMPROVED MIDDEN-PITS, CESSPOOLS, ETC. 47 

At EdiDburgli the system of simply placing pails Paiu in 
full of excrement, urine, and general refuse outside the burgh, 
houses for the scavenger to take away, has been long 
practised, as there has been literally no accommodation 
of any sort in the large tenements. The pail closet 
system has now been established there on a regular 
footing. The closets, which are roofed in, are placed 
in two rows, with a passage for the scavenger between 
them; the seats and divisions between the recesses are 
made of smooth slate ; under the aperture is a short 
earthenware funnel, and below it is placed a moveable 
metal pail ; this is removed daily by the scavenger and 
the privy cleansed, a reservoir of water being provided 
for this purpose. At Glasgow, too, the same system is 
at work '' in various public and semi-public closets.'' 

The pails or boxes should be round and straight; CondHiong 

. . '1 1 J neoensary. 

square ones are not so strong nor so easily cleaned ; 
they may be of wood, well pitched inside, or of gal- 
vanised iron. The closets should be made of imper- 
vious materials as much as possible, as then they are 
less liable to get fouled, and are also more easily 
washed ; the ash-tub should be under a roof of 
some sort, or its contents will get wet and become 
a nuisance. The pails should be changed daily. 

Dr. Trench, the medical officer of health for Liver- Difficaity, 
pool, has made some practical observations on the ber^f*"™' 
difficulties of applying this system to large towns. ^^ 
He has calculated that the space that would be re- 
quired for the spare receptacles for the borough of 
Liverpool, allowing that they were packed as close as 
possible, would be 11 acres, 2 roods, and 32^ perches ; 
and that if they '^ were put on a railway, four abreast, 
they would extend to Ormskirk, a distance of twelve 
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miles." He adds : " I oan form no guess as to whil 
would be the extent of land required for the reception, 
emptying, washing, aud deodorising of the receptacles 
directly on removal from the various houses ; nor m 
I conceive where, within the area of our overcrotrded 
borough.such spaces could be found; nor where, outside 
and beyond the precincts of the town, the Health Board 
of any suburban locality would allow their parishioncR 
to be poisoned for the convenience of Liverpool." 
NewiMtj He points out that it would be absolutely necessarj' 
of piiu. to have " two receptacles for each house, one to use 
and one to clean." " But it may be said that there Is 
no necessity to return always the same utensil. Then 
my answer is, that the disgust, the fear, the panic 
during epidemics of smell-pox, of scarlatina, or of 
Asiatic cholera, that infection would be brought to 
one's home by these means, would soon control al! 
municipal authority, and upset the whole scheme." ' 

Dr. Trench here assumes that the pails are earned 
away, contents and all, by the scavengers ; a perfectly 
just assumption, as the plan of emptying them into 
the scavenger's cart, cleansing and replacing them 
on the spot, would create such a nuisance that tt 
would not be endured. But his objections do not 
apply so forcibly to the ash or earth closet systems, 
as a like proceeding in these cases is not, i.e. oa^M 
not to be, attended with nuisance, and so the recep- 
tacles, not being carried away, cannot get changed. 
Naiiance Mr. Mcuzies Bays of the pail system, that " it can 
never be adopted near dwellings of the better classes, 
for the sight and smell are so exceedingly nauseous 
that they could not be endured. The removal of the 

^ Fiiat UepoTt, Rivera' PollutioD CoinimsBion, 1668, toL il p. 306. 
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matter is indeed at all times a filthy operation, and the 
iron pans when empty smell even worse than when they 
are full, as there is then a greater surface exposed."' 

The trough latrines of Glasgow and Edinburgh may Trough 
be conveniently considered here : they are in effect the ^^^^' 
pail system adapted to large collections of people. A 
long fixed iron trough, slightly inclined towards one 
end, runs along under the seats of a row of closets ; 
it is provided with a little water, just enough to make 
the contents run easily, and it receives the total urine 
and excrement of the persons using it. In the Glas- 
gow factories there is one on each of the four stories, 
and it is used by 180 to 200 persons; the contents 
are emptied once or twice a day down a vertical pipe 
into a large closed tank placed close to the ground, 
and holding 80 gallons, or about a day's produce; 
this is emptied by means of a 1 2-gallon two-handled 
pail into a closed cart, and the contents ''carried 
away without very much offence." 

These must not be confounded with trough water- nottrongh. 
closets, which will be described in their proper place, doaets. 
They difier from them in this fundamental and essen- 
tial point, that they are not connected with the sewers, 
and therefore require special scavenging arrangements. 

Iron trough-closets of the above description, in- 
cluding ash-bins, cost '' for two persons £23, for three 
persons £32, for four persons £41/' 

THE EUREKA SYSTEM. 

In the Journal of tie Chemical Society (March 1866) '^^ »* 
Messrs. Lawes and Gilbert have described this system 
as it was carried out at Hyde, near Manchester. A 

^ Management and Utilisation of Sewage, p. 6. 

E 
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box containing ''some disinfectant or deodorising 
mixture " was placed under the privy-seat, with in- 
structions that no slops were to be put into it, left 
for a few days, then covered by a tightly fitting lid 
and carried off, and a fresh one put in its place. 
These covered boxes were placed in a close cart, and 
carried away to a manure manufactory near to the 
town, where their contents were treated with more 
disinfecting fluid, concentrated by distillation, and 
ashes added, the whole making a not very valuable 
manure (containing only between 1 and 2 per cent 
of ammonia), one that would certainly not bear the 
cost of carriage " beyond the distance of a yerj few 
Nuisance, milcs." The inhabitants considered the works a 
nuisance. Dr. Trench, in 1864, visited Hyde to in- 
spect this process, and says that it was, in his 
opinion, in all its details, ^^a shocking and unmiti- 
gated nuisance.'* Dr. Beecroft, of Hyde, after having 
mentioned his own belief that the system had been 
the means of spreading infectious disease, and would 
be highly dangerous during an epidemic of Asiatic 
cholera, thus concludes : " If the Eureka Works were 
removed so as to do away with the excessive stink 
which we receive from them when they are in full 
work ; if the boxes were numbered so that each house 
could always have its own returned ; if the boxes were 
made or lined with a non-absorbent material in the 
place of the porous wood, as is the case at present; 
and if the boxes were emptied more frequently (daily 
when infectious disease existed), the system would be 
superior to the old ash-pits, though not to be com- 
pared with water-closets." {First Report JR. P. C, 
1868, vol. ii. p. 306.) We find, from the Report just 
quoted (vol. i. p. 51) that "the plan has at length 
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leen abandoned for both of the reasons referred to by 
Viessrs. Lawes and Gilbert," viz. the alleged nuisance 
ind the worthlessness of the manure. 

THE GOUX SYSTEM. 

This system, called also the "Patent Absorbent 
Closet System," consists in a modification of the 
3rdinary pail closet by the lining of the tubs with 
some kind of absorbent material. The prospectus of Absorbent 
the patentees states that " all kinds of vegetable and ™* "* *' 
animal fibrous matters, useless for other purposes, 
are used as absorbents," and these are " to be mixed 
in such proportions as may be most convenient, 
together with a small percentage of sulphate of iron 
or sulphate of lime." These matters are pressed 
closely to the bottom and sides of the tub by means 
of a cylindrical mould, which is afterwards withdrawn, 
leaving, of course, a cavity in the centre of the 
materials. Ordinary midden closets can be easily Conyenion 
converted into those suitable for this system by midden*^ 
cleaning out the ash-pits, filling them up with engine *^^^**- 
ashes or other dry refuse, paving the floor under the 
seats, and covering them with slated roofs ; in fact, by 
the alterations required for the ordinary pail closet. 
A separate tub is required for ashes and dry rubbish, 
but chamber utensils and so forth may be emptied 
into the tub under the privy-seat. The pails require Removal 
to be removed weekly, or twice a week, and this is ^^ *"^' 
easily done by making the privy-seats moveable. 
The patentees state that "for the interior of mansions, 
dwelling-houses, schools, unions, hospitals, and fac- 
tories, an adaptation of the system has been designed 
^hich provides for the removal of the collected 

£ 2 
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matters without the trouble and inconvenience ol 
carrying them down-stairs. This plan will cost Ik 
than the ordinary water-closet, and can be appM 
wherever such closets can be fixed." They also staif 
that " a closet on the Goux system cannot be lusde 
uncleanly except by the most positive wilfulDts,' 
This would not, however, seem to be the conclusion 
to which Dr. Buchanan came in his inspection of the 
Ab»oiptwa working of this system at Salford. He found that the 
Tf*!^' ■ absorptive materials appeared to be of very little us, 
utile aae. ^^^^ (^jj^j^ jq fjjpj^ whenever the pails had been Id us 
for more than two or three days, the absorpU?e cap- 
city was invariably exceeded ; that wherever tUey hi 
been in use four or five days, or for a week, the pds 
were two-thirds or more filled " with liquid dejections 
in which the solid excrement was floating," and thai 
this was not always from the chamber utensils hmi, 
emptied into them, although it must be remarked 
that this procedure is sanctioned by the promoters of 
the system. There is no doubt, however, that 
although the Gonx system cannot be accounted 
among the " dry " methods of treating sewage, yet it 
is much superior to any form of midden system. 
When the closets are well managed they are generally 
clean, and afford no offensive smelly and they entirelj 
UnntU. prevent any pollution of the soil near houses. The 
Goux plan has also been applied to public urinals, 
but in this case the absorbent materials are only 
professedly " a filter through which the liquid urine 
passes into the receptacle below." This recepucle 
contains a small quantity of sulphate of iron, with the 
object of preventing fermentation, and the uriDC 
collected in it is subsequently used in the nianufac- 
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ture of the manure in connection with the contents 
of the pails. (See Ttoelfth Report M. 0. P. G, p. 116.) 

The alteration of a midden closet into such a one 
as has been above described costs 85^., and a set of Expenses 
tubs 1 05. ; each tub on an average contains 841bs. 
of dejections, being calculated to hold 1201bs. Two 
men and a horse can remove 600 tubs in a week, 
or 22^ tons of contents, the cost being £l a week 
for each man, and £l a week for the horse; say 
2^. 9d, a ton for the cost of removal. For this crude 
material from 5*. to 6^. a ton is given by the farmers, 
but when a manure is prepared from it by the plan 
originated by Mons. Goux, it sells for £2 a ton, and is 
" considered cheap at the price." The method of pre- peeWe 
paring the manure from the stuff collected is to ^^^^'c- 
spread it on a floor and sprinkle it with a little sul- 
phuric acid, when, " after a certain amount of fermen- 
tation and consequent destruction of the fibrous matter, 
the whole becomes a homogeneous, inoffensive, but 
feeble manure, which may be very fairly described in 
the words used by Messrs. Lawes and Gilbert about 
the Eureka failure." {First Beport R. P. C. 1868, 
vol. i. p. 51.) 

Of this and all similar systems it has been well said, Too mach 
" not only that it is but a part of the excrementitious gfon^^- 
matter which is dealt with, but that even as regards ^^^^^ 
that portion of the excrement which they do remove, 
they so entirely depend upon efficient cleanly superin- 
tendence and direction, that wherever they have merely 
Bad the average man to work them, they have failed. 
Moreover, this very frequent collection of filth by hand offensiro 
from houses, and its removal, sometimes through the °^®*^o<*8- 
cottages themselves, almost necessarily under the eye 
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and nose of the household, whatever may be the im- 
portance of the economic object aimed at, is universally 
condemned by our domestic habits as nasty and 
offensive. They can never be an entire success, and, 
in competition with the water-closet, a jury of average 
householders will certainly condemn them for lack of 
cleanliness and comfort.^' (See the last reference.) 



Value of 
excreta. 



Sold to 
&niien. 



UTILISATION. 

It has been shown by Messrs. Lawes and Gilbert 
from their own calculations, and also from the results 
obtained by Messrs. Hofmann and Witt, and by Dr. 
Thudichum, that the average amount of ammonia voided 
annually by an individual of a mixed population of 
both sexes and all ages, is, in urine 11 '32, in faeces 
1*64, total 12*961bs. ;^ and that the estimated money 
value of the total constituents is, in urine 7s. Sd., in 
faRces 1*. 2f (/. — total 8*. 5|fl?. We note at once the com- 
parative worthlessness of the faeces in an agricultural 
point of view, and are thus prepared to see any plan 
fail, economically speaking, which does not make it 
its especial business to utilise the ammonia and other 
valuable manurial constituents of the urine. 

(a.) midden system. — FRENCH "FOSSES." 

In country places the filth of the ash-pits, &c., is 
usually sold to farmers, who come and fetch it away, 
and sometimes it seems to sell well. Thus, at Strat- 
ford-on-Avon the manure is said to be "readily 
disposed of.^' It is, however, allowed to accumulate 

^ This quantity is considered by Messrs. L. & G. to be too high when 
applied as a means of calculating the value of sewage : they are of 
opinion that in that case lOlbs. of ammonia per head per annum, with 
a value of 6s, Sd., would be a more accurate estimate. 
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until it suits the convenience of the farmers to fetch 
it away, and in many places they refuse to take it at 
all. This takes place in like manner in the lower 
neighbourhoods of towns, where 'Uhe refuse of the 
courts and alleys is reserved in the necessary pits till 
the accumulation is very considerable; the inhabitants 
then sell it for a few shillings per load, and divide the 
amount so obtained amongst themselves/" 

Although many of the disadvantages of the midden Not a good 
system may be obviated by improvements in the con- ™*^'*"- 
struction of the pits, &c. it can only answer in excep- 
tional cases, as most of the urine is lost and the manure 
obtained is only well suited for heavy clay soils ; for 
most soils the admixture with ashes renders it com- 
paratively worthless. 

And in a town in which it has been most per- 
severingly employed — Manchester — it has failed in an 
economical point of view ; on this head Sir Joseph 
Heron, the town clerk, says, in his evidence before the 
Rivers' Pollution Commissioners : " It is true in Man- Doea not 
Chester, as well as in Liverpool and in other places, ^^" 
that the expense we incur in removing the night soil 
is by no means returned to us by anything that we 
obtain for it, and we often have to carry it at a very 
considerable loss. In no case is it found that it is 
payifi^y (See page 257.) 

In France the contents of the ^^ fosses permanenies*^ French 
and '* fosses mobiles " are not usually utilized without 
preparation, but are carried away in the *' tonneauw " 
to some distance from the town, where they are 
emptied into the highest of a series of basins 
ranged one above another; here they are exposed 
to the air for some time, and while the liquid parts 
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run away into the lower basins, the undissobed 

Liquid solids Subside in the higher oaes. The liquids ue 

^ti; reduced iu quantity by spontaneous evaporation, but 

'"•*■ they have for the most part to be pumped •wiy, 

generally into the nearest watercourse ; sometimes, 

however, they are evaporated, mixed with sulphuric 

acid, and sulphate of ammonia thus prepared. The 

establishments in which this latter process is carried 

on have been placed in the first class of "etablisae- 

ments dangereux ou insalubres," the reason being thri 

they cause an " odeur desagr&ble et portee au loin." 

The solid part which subsides is dug oat of the pits. 

further dried by being spread out on a lai^ surface of 

ground and stirred about continually, piled up vhen 

nearly dry in immense heaps, and left for a year it 

least, often for several years ; it is then sold under the 

*■ pon. name of poudreite. " It has then the aspect of > 

''"'"*'' greyish-black earth, light, oily to the touch, very 

friable, and spreading a peculiar odour, disagreeable 

and nauseous, which is not that which the matten 

which compose it exhale in their native state, or even 

before their perfect desiccation." {Parent Duckatelei) 

The poitdretie prepared from the deposit in the 

lower pits is especially sought after by the farmers, as 

it contains the finer particles which have escaped 

precipitation in the higher pits, and at the same time 

less useless material. 

In Paris the business of removal and preparation 
of the manure is let out to a contractor, and the city 
would appear to make a gain out of the transactioo, 
i.e. the public funds are benefited by it ; but not so 
Lmb to ihe the ratepayers I They pay a considerable sum for the 
emptying of their cesspools, Sfr. a cubic metre, 15fr. 
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for a "/owe mobile " (Tardieu) ; and Mr. Erepp cal- 
culates that the "jHrndreiie/' which sells only at 
47fr. 50c. a cubic metre, really costs the city I46fr. 

(b.) pail system. 

In this system we have the faeces and urine pure, 
without any admixture of earth, ash, or water, except 
in some cases to a trifling extent. The evidence 
generally shows that this plan can be made to pay. Can be 
and indeed generally does pay its cost at any rate. pay. 

"In the town of Groningen the yearly profit 
amounts to about £1,600 ; in Antwerp it is £2,700, 
at Ostend £700. In Strasbourg the cost of removal 
is only just covered by the sale of the manure. The 
sale of the refuse from the barracks at Carlsruhe, 
where 2,800 men were quartered, has realised a profit 
of £300 a year, and the attendant expenses amounted 
to about £40 a year.'' Sometimes, however, the 
expenses exceed the income derived from the sale of 
the manure : " thus, in Stockholm, with a population 
of about 150,000, the expenditure amounts to Various 
£35,000 a year, and the income derived from the ®"™p^®*- 
sale of the refuse as manure is £33,000 a year." ^ 

In Nottingham the contents of the boxes are sold 
at from 3^. to 4^. a ton ; this brings in £4,000 a 
year, while the cost of scavenging is £6,000. At 
Rochdale the plan scarcely pays its expenses at 
present, as there are only 580 pail closets, and so 
the expenses are relatively high. If, however, all 
the 4,000 midden closets of the town were changed 
into pail closets, Mr. Alderman Taylor calculates 
that the profit to the town, on the sale of the manure 

^ First Report of British Association Sewage Committee, 1869. 
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at the present rate (155. a ton), would be £9 a week, 

or £468 a year. He however anticipates a higher 

value for the manure. 

Costofsca- In Glasgow the estimated value of the contents 

▼enging. ^f ^^^ p^^jj^^ troughs, &c., plus the ashes and street 

sweepings, is £18,000 a year, while the cost of 
cleansing the city is £27,000 ; from which we see 
at once that the cost of removing the excrement of a 
large city by cartage is enormous. 

The advantage in a commercial point of view of 
the pail or tub system over the midden system is, 
that it produces a valuable manure, which can be 
made, as at Salford, to pay more than the cost of 
Hm snc- collecting it. It is the system which has answered 
the East. SO Well in China and Japan for so many centuries, 
and which has prevented those countries from being 
now barren wastes. Bat it is one which accords in 
no way with modern ideas of cleanliness, and which 
could never be introduced into the better quarters of 
any town ; for the lower classes of habitations it is a 
great improvement on the old midden heaps, cess- 
pools, fee, as it necessitates the daily or even more 
frequent (as at Edinburgh) removal of excremental 
matters, which can be easily disinfected if necessary. 

It must, however, be considered to be the only 
plan that we have yet examined that can be made 
even to pay its expense as a general rule. 



SANITARY OBSERVATIONS ON THE IMPROVED MIDDEN 

AND CESSPOOL SYSTEMS. 

It having been already shown that accumulations of 
excretal and other filth afford a nidus for various dis- 
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eases, it need only be pointed out here that tbe sani- 
tary advantage possessed by these systems varies pre- 
cisely with the frequency with which they provide for the Frequent 
removal of the refuse matters, and with the perfection '^■^^^*^- 
of the means taken to prevent their decomposition. 

Wherever one of these plans has been introduced, a 
step in the right direction has been made, and the 
necessity of the speedy removal of excrement has been 
acknowledged, except indeed in the case of the large 
cemented cesspools, *' fosses permanenteSy' in which, 
however, every precaution is taken, abroad at any rate, 
to prevent the contamination of water or air; with 
what result we shall soon see. 

Any state of things is better than the one described 
in our first chapter, and the frequent removal by hand 
and cart, although annoying, affords less nuisance and 
much less positive danger than the stinking heap of 
putrid filth in the ordinary midden heap or cesspool. 

The simple pail or tub placed under the privy-seat, Paii «y»- 
and removed daily, or even twice a day, is the most bat narty. 
thoroughgoing of these methods, but, to say the least 
of it, a very nasty one, and a very troublesome one too. 
The French ''fosse mobile,'' with its '' separateutl* is "Foese, 
by far the best plan for keeping excremental matters 
mtact for a few days, and is much superior to any 
pails or buckets lined with absorbent materials or 
provided with disinfectant matters. But this, though 
a vast improvement, as pointed out by Parent Du- 
chatelet, on the '' fosse permanente" is, with most of the 
systems now under consideration, a mere makeshift to 
obviate the nuisance and expense of too frequent 
removal, while at the same time effectually preventing 
long storing. 
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The question in fact to be solved would appear to 

be, with all the methods which require hand aod cait 

labour, how CAD the refuse matters be kept as long as 

possible without being positively dangerous to health? 

Instead of, as it should be, how can they be got lid of 

as fast as possible p 

wruig This consideration at once stamps all methods of 

^'^ ^ removal by scavenging, and must of itself bind theoi 

to a false principle, and lead to their condemnation ; 

indeed, they are only commended by the fact that they 

do not utterly waste the valuable manure with which 

Hidden- they have to deal. The midden-pits are improved, 

from a sanitary point of view, as they depart farther 

and farther from the old conventional ash-pit : it is 

found practically, however, that they cannot usuallf 

be kept dry, and so they have to be drained into the 

sewers. 

Ouet in The large cesspools become filled with foetid gases, 

<»Mpooia. pontaining a large proportion of sulphuretted hydrogen, 

and many were the cases of asphyxia caused by it 

during the emptying of the "fosses permanentes" by 

hand and bucket ; this asphyxia, which the workmen 

call "te plomb " (probably from the sense of extreme 

oppression of the chest), and which occurs also to the 

workers in sewers, is, according to Parent Duchateiet, 

not so common as it has been stated to ba People 

Influence exposed habitually to such an atmosphere {vidangeurs, 

eaus. e^outiers, ^adouards) suffer also from headaches, and 

from ophthalmia (" la mitte"); their term of life does not, 

however, appear to be shortened, probably because 

those who are not of very strong constitutions give up 

the work at once. Parasitic diseases and most skin 

diseases are very uncommon among them, and tbey 
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are said by the above authority to be remarkably free 
from intermittent fever and from cholera. He gives 
also an instance of three young women who had been 
pronounced consumptive by several physicians, and 
who were perfectly cured by working at the poudrette. 
Query, would they not have been as much improved in 
health by any out-of-door work ? Venereal diseases 
are, however, undoubtedly, according to the testimony 
of Halle and of the last-named observer, aggravated 
to a remarkable degree by this foul atmosphere, and 
*' those who, having one of these diseases, persist in 
working, perish inevitably." 

With regard to the symptoms of the asphyxia, they Forms of 
vary according as it is caused by want of oxygen or "p^^^*^ 
by the presence of a notable quantity of sulphuretted 
hydrogen. In the first case there is a difficulty of 
breathing, which gets worse and worse — ^it is a true 
suffocation; in the second, "the individual is seized 
suddenly, and dies instantly; or, if the quantity of 
deleterious gas is too little to bring instant death, the 
asphyxiated person, suddenly losing consciousness, is 
taken with convulsive movements or other very grave 
nervous disturbances, and it is only after several days 
that he recovers a perfect state of health/' {Parent 
Duchatelet : Hygiene Publique^ vol. i. p. 268.) 

Sufficient evidence has already been adduced to show 
that an atmosphere tainted with the offensive gases 
given off by decomposing refuse is, even when much 
diluted, deleterious to health ; but we may here quote 
a passage from the Health of Towns Reports (1844) Cases in 
which forcibly illustrates this point : — " It is not a ^^ 
great many yeai's since four men fell victims to the 
poison whilst engaged in clearing out a privy near 
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BromptoD, and still more recently an accident of ai 
similar nature happened at Clapham. Twentj-three 
Effect of children belonging to a boarding-school at that place 



on"cSr" were simultaneously attacked with violent irritation of 
^^^ the stomach and bowels, convulsive twitchings of the 
muscles, and excessive prostration of strength ; and 
. two of them died in about twenty-four hours. The 
symptoms were ascribed by the medical attendants 
to the inhalation of sulphuretted hydrogen from the 
contents of a foul cesspit which had been scattered 
over a garden adjoining the children's playground. 
Although these effluvia are breathed by the inhabitants 
of our courts and back streets, in a state, of course, 
of extreme dilution, we cannot suppose that they are 
on that account entirely harmless. What in a con- 
centrated form is so very deadly, must, in a diluted 
state, be injurious to health." (Zoc. dt. First Report^ 
vol. i. p. 139.) 
Dinease The French poudrette itself, though inoffensive 

p^utette. i"^ a dry state, undergoes a kind of fermentation when 
moistened ; and one of Parent Duchatelet's most re- 
markable memoirs contains an account of a disease 
that broke out on board the Arthur (a boat which had 
been loaded with poudrette on a rainy day), **of which 
half the equipage perished, the rest arriving at their 
destination in a deplorable state of health." The 
workmen who removed the stuff from the vessel were 
also seized by the disease, which, from a most accurate 
description given of the symptoms on a similar occa- 
sion by the same author, would appear to have been 
typhoid fever; he says it had "all the symptoms of 
one of those grave diseases known under the name of 
adynamic fever." {Hygiene Publiquey vol . ii. p. 25 7, &c.) 
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These cases should be kept in mind during the trans- 
portation of any manure that requires to be kept dry. 

The sanitary results of the midden closet system 
are not, moreover, what were contemplated by its 
supporters. The average death-rate of Manchester, Mancbei- 
where it has been carried out with great attention t2i^.^' 
to detail "for fifteen years, as reported by Dr. A. 
Ransome and Mr. W. Royston, was 32 per 1,000, or, 
excluding certain healthy suburban districts, 34 per 
1,000; while in 1865, an exceptionally bad year 
for epidemics of small-pox, scarlatina, &c., it was 
39 per 1,000. It is also stated that the infant 
mortality of Manchester is higher than that of any 
other place in the kingdom, this fact being regarded 
as an invariable sign of sanitary neglect." 

'' It is believed that much of the unhealthiness and 
mortality in Manchester, especially among children, 
may be ascribed to the atmospheric pollution caused 
by the present privy and ash-pit systems." {British 
MedicalJournal, June 18th, 1870.) 

CONCLUSIONS. 

We have now dealt with the treatment of hquid 
manure, as such, in the various forms of cesspools, pails, 
tubs, and so forth, without the addition of any notable 
quantity of extraneous matters, whether with a view to 
the dryness or the disinfection of the contents ; and 
also, on the other hand, with its treatment by admixture 
with a sufficient quantity of ashes and other refuse 
(as in the various forms of midden-pits and closets) to 
render the whole a more or less solid dry mass. We Nmaance. 
have seen that the former of these systems is as a 
general rule connected with a considerable amount 
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of nuisance, either in the collection or removal of the 
excremental matters, or in both of these particulars, 
and that, although one modification of this system 
has practically succeeded in an economic point of view 
in certain countries, and even in a few of our own 
towns, it can never be looked upon as a solution d 
the question of the removal of excrement which can be 
adopted generally by the community as a fiujal one, or 
even as a suitable one. 

" The pail system presents seTeral adyantages for poor tofvn 
districts. It may safely be employed for ezcrement-remoTal if 
moveable pails of defined construction be used, and be changed 
every day for fresh pails. Such a system, involving simikr 
conbtniction or constructive alterations as are required for the 
toleration of a midden system, offers advantages over the latter 
in regard of facility for frequent removal of excrement^ in 
regard of safety from nuisance, and probably in regard of profit 
in disposing of excrement as manure." (Twelfth Report M.0^£- 
p. 140.) 

With regard to the second of these systems, we 
have seen that it is almost invariably connected with 
great nuisance, both in the storing and in the removal 
of the contents of the pits or closets, and that it 
Freqoent posscsscs the additional disadvantage of the necessity 
of disturbing these contents in order to remove them. 

'^ The midden system may be modified so as greatly to reduce 
nuisance and danger from it We have described the form of 
midden-closet ivhich we think presents fewest objectiona. We 
cannot speak of satisfactory safety in the use of even this form 
of midden-closet, partly because we hardly expect to see it 
carried out with daily emptying, and partly because the 
materials of the midden would probably be retentive of some 
excremental matters; but if under certain circumstances 
middens, constructed as above, should be tolerated, it would, 
we think, be scarcely less than essential, first, that they should, 
if in a densely populated neighbourhood, be emptied daily, or 
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under other circumstanoes at least once a week, and secondlj, 
that the arrangemente for excrement removal should be wholly 
in the hands of efficient penions appointed by the sanitary 
authority/' {Twelfth RepoH M.O.P,a p. 140.) 

The improvements have in each case chiefly con- 
sisted in the diminution of the size of the receptacles, 
and the consequent more frequent removal of their 
contents, this being accompanied by one or both of two 
sorts of nuisances — that arising from the offensive 
smell of the contents, which can only be partially pre- 
vented from escaping (by such contrivances as air- 
tight lids and so forth), and that caused by the too fre- Koetumai 
quent visits of the scavengers — a nuisance thoroughly ^""^ 
detested by every householder, whatever be his station 
in Ufe. In neither of these systems is there any pro- Slops 

tfti intA 

vision made for the removal of the liquid house refuse aewers. 
from slops, washing, cooking, and so forth, so that all 
these, and generally the chamber slops as well, have to 
be thrown down the sink and pass away into the 
sewers, thus necessitating the purification of the sewage 
in some way, and so leaving the great question un- 
settled. Indeed, the amount of purification which 
would accrue to the sewage from such a proportion 
of excremental matters and nothing else being kept 
out of it, is not nearly so great as is generally sup- 
posed, the other refuse matter that the sewers neces- Sewage 

•t /• 11 X 1 - 1 ■ mast be 

sariJy carry away trom all towns bemg so great in purified, 
amount that it is certain that, even if all the excre^ 
mental matters could be kept away from the sewage, it 
would not be sufficiently pure to be allowed to empty 
itself into a river, and the necessity of purifying it 
would arise as much as ever. {See pp. 127 — 130.) 






CHAPTER IV. 



THE DRY-CLOSET SYSTEMS. 



introduc- Wb have now to consider the two methods which 
^' have arisen more or less directly out of the incom- 
pleteness of the two foregoing ones, and which are 
the only ones that we can look upon as in any way 
affording something approaching to a solution of the 
question of excremental removal. The first of these, 
the so-called dry-closet system, has for its object the 
separation of the excremental matters in toto from 
the sewage, and the removal of a great part of them 
at any rate in a dry and inoffensive condition. The 
best form of this system, according to its originator, 
professes also in an indirect sort of manner to treat 
the other house refuse, liquid and solid ; how far it is 
possible that it should practically achieve these results 
we shall presently see. The other is the water-doset 
system, by which the whole of the excremental 
matters, solid and liquid, together with all the liquid 
house refuse, is washed into the sewers, carried at 
once away from the vicinity of houses by the unaided 
force of gravity, and either, as has been hitherto the 
case allowed to fall into a watercourse or into the 
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sea, or utilised as manure by one of the processes 
that we shall hereafter describe. 

« 

ASH CLOSET. 

The dry closet which . approaches nearest to the 
best form of midden closet is the one in which ash is 
used as the deodoriser. This is described in a paper 
read before the Manchester and Salford Sanitary Asso- 
ciation by Mr. Morrell, of which an extract is given by 
the Rivers' Pollution Commissioners, 1868. {First 
Report^ vol. ii. p. 309.) Each closet is provided with Mechan- 
an ash-sifter, which is brought into motion by the "™' 
opening of the door, the fine ash falling through into a 
storing measurer, fixed in the back wall. The seat of 
the closet is covered by a lid, which, when opened or 
shut, measures out into the excrement receptacle (an 
easily moveable water-tight vessel) a quantity of ash 
sufficient to deodorise its contents. The cinders 
which do not pass through the sifter are of course 
used again as fuel. It is stated that whenever there street 
is not suflBcient ash-dust to be had, as perhaps may uuhi^^' 
sometimes be the case in summer, "it is easy to 
supplement it by throwmg on to the screener some 
fine street sweepings." For stories above the ground Plan for 
floor it is proposed to have a wide tube brought down above' 
to or below the ground floor, and opening into a ^^^ 
receptacle placed there, which might be removed 
when full, or as occasion required. "A circular vessel, 
two feet deep and one foot nine inches in diameter, 
will contain the ash and excrement refuse from 
one house with five occupants for twenty days. Re- 
moval once a week, or once each fortnight, for such 
a house, will therefore be sufficiently frequent." Mr. 

F 2 
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19 pateoted a dry closet of mtich the same 
ihe above, but in which the urine in not 
> remain with the soil and asties, btit escapes 
soil-pan into a special receptacle at oncf, 
e asliea are thrown upon the soil by the 
of the lid of the closet The advantages 
>rthis method are, that the material required, 
ilways on the premises, and would have to 
;d in any case; that the apparatus is stroDg 
omplicated, and its working easy ; that the 
:al matters are completely deodorised atirf 
inoffensive ; and that the mixture produced 
aluable as an agricultural manure, " selling 
r £8 a ton." A very simple and effective 
dry closet is the Carbon Disinfecting and 
Dg Closet, of Messrs. Weare and Co., which is 
some parts of Liverpool. Immediately under 
s a perforated earthenware pan, and below 
loveable box containing a perforated iron 
le space around the pan and bucket being 
ith ashes and fine wood charcoal ; in the lid 
a box containing some disinfecting powder, 
dusted oil to the excrement by the shutting 
; tlie excess of water passes by a pipe into 

)lans are open to nearly the same objections 
■-earth system (see p. 85, &c.), but have the 
: that ashes are always at hand. 

THE DRY-EARTH SYSTEM. 

inciple of this system is, that earth is the 
eodoriser of excreraental matters, and tiie 
faich it is proposed to make earth avnilable 
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for this purpose is precisely the reverse of the one 
upon which all the other systems depend. It proposes Earth 
to bring a certain quantity of earth to the manure, J^^he ' 
while all the others take the manure in some form or ^^^"^^ 
another to be placed upon the earth ; in other words^ 
a sufficient quantity of dry earth is to be brought 
into every community where this system is at work, 
completely to deodorise and render inoffensive all the 
excremental matters of population. In the prospectus of 
Moule's Patent Earth Closet Company it is stated that 
this system ''is founded on the fact of the deodorising 
power of earth, a ^iven quantify of dry earth destroying 
all smell, and entirely preventing noxious vapours and 
other discomforts. The practical application of this 
power consists in a reservoir for containing dry earth, 
and in an apparatus for measuring and delivering the 
recjuisite quantity, so as to deal with every operation in 
detail. This apparatus can be applied to most exist- 
ing closets." The first essential, then, in the work- E«Kentiai 
ing of this system is that the earth should be dry, and 
the second that it should be applied in detail, that 
is to say, that each particular stool must be covered at 
once with the requisite quantity of this dry earth. It is 
found in practice that a pound and a half of dry earth 
(two pounds and a half would appear to be required 
in India) is sufficient to remove all smell from the 
stool when thrown over it, and the mass remains 
inoffensive for two or three months, or even more. 
It appears that a certain disintegration of the faecal Action of 
matters and a combination between earth and the or- ^'^'^ 
ganic matters contained in the excrement takes place. 
After a time no excremental matter whatever can be 
detected in the mixture \ everything disappears, even 
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H»f u paper. After keeping and drying it may be used 

I^im^ again many times with the same result, but it is not 

found that this repeated use is advantageous in an 

ecoDoniical point of view. Less earth than the amount 

above specified is insufficient, more is useless. In a 

pamphlet by Messrs. Girdlestooe, the engiaeers of the 

Earth Closet Company, it is stated : — 

Kind of " ^' "^^^^ ^"^J surface-earth and almost any clay will deodorite 

earth IT. ezorementitious matter, but that sand and chalk nil) not 

quired. „ 2 ij-j,^ g^f,^ earth, if dried and sifted, has such po«er of 

absorption that it ia capable of receiviug both liquid and solid 

excretH, and of reudering their removal practicable Tcithout 

offence, and also without anj loaa in the value of the miinure. 

" 3. That a very small quantity of earth is required, uA 

that the same portion of earth may be repeatedly used with tie 

same effect. 

PrereDtion " 4. That the action of the earth on the excreta is immeHiftte, 

of lermen- all fermentation being prevented, the obuozious agent being deall 

"^ with at once and in detail. 

" 6. That while the earth ahsorbe the excreta, they in their 
turn possess a decomposing power, snoh that any extraoecos 
matter deposited with them dieappeara in a short time. 

" 6. That the absorption and deodorisation ot the excreti 
result in preventing infection." (The Dry-Earth Sy»tem, p. i.) 

Be»t kindi In Dr. Buchanan's report (Twelfth RepMt of the 
of earth. j£edical Officer of the Privy Council) on the working 
and applicability of this system, he states that dry 
clay or loamy surface-earth, but especially the brick 
earth of the drift formation, are the kinds best suited 
for the purpose, and that after a month or so the 
mixed mass of excrement and earth may be wetted 
and moderately heated without producing any smell. 
TlwoioMt. With regard to tlie particular closet or commode, it 
is. of much the same kind as the one that has been 
described as the patent ash closet. A receptacle for 
the dried earth is placed at the back, and either by a 
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handle (the **pull-up") or by the action of the seat 
itself (the ^'self-acting") the requisite amount of earth 
is allowed to fall from the hopper into the pit or vault 
so as to cover the excrement. It is plain that the 
earth-receiver may generally, at any rate in fixed 
closets, be carried up to a considerable height in the 
wall so as not to require replenishing for a long space 
of time. For upstairs closets it is proposed to con- shaft for 
struct a shaft inside or outside the house, down which ciwl^ 
the contents of the pail may be emptied, or the pail 
itself may be fixed and connected with an earthenware 
pipe which descends vertically into a vault beneath. 
The prices for commodes vary from £2, that of the 
single moveable nursery commode (for children), to 
£7 5^., that of a more finished kind, on castors, with 
self-acting apparatus and fixed seat. If larger earth 
reservoirs are required, the cost is somewhat more. 
The tanks for the closets cost from Is. 6d. to £1 5«. CoBtof 
each, and the apparatus for placing in closets costs *pp"*'"*- 
£1 15*. for the pull-up, and £2 for the self-acting 
(without the pails or tanks), while the apparatus for 
upstairs use, including the pail and pull-up mechanism, 
comes to £4. 

The commodes are made so that they can be easily com- 
moved and placed jn any convenient situation in-doors ^^^ 
or out-of-doors : they are especially intended for use 
in bedrooms, hospital wards, and so forth, and it is 
claimed for them that they — like the closets — entirely 
prevent all disagreeable odour when properly supplied 
with dry earth.' It is stated that it is necessary " to 
cast one service of earth into the pail when first placed 
in the commode." It is essential that the earth 
be both dried ai\d sifted. For large communities 
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it would be advisable that these operations should be 
carried on at one spot and on an extensive scale; but 
for country houses, where each household would pro- 
bably prepare its own earth, a stnall portable dryer 
may be obtained for from £1 10^. to £2, and a dust- 
less sifter for earth and cinders for £ 1 . As a geoeral 
rule it would be found that the sifting might be per- 
formed by means of an ordinary riddle or sieve. It 
need hardly be stated that it is absolutely necessarr 
for the proper working of these closets that no slops 
should be thrown into them. If even the contents of 
the bedroom utensils be poured down them it *»vould 
be necessary to supply them with a considerably 
larger quantity of earth. In public places urinals can 
easily be constructed acting on this principle, and are 
certainly, when properly supplied with earth by hand 
labour, almost entirely devoid of any offence. The 
system is now at work in several large institutions, 
and it has undoubtedly been found, when properly 
managed, to work well. The Convict Lunatic Asylum 
at Broadmoor is entirely supplied with earth closets, 
the water-closets with which it was originally supplied 
having been done away with because it was found 
that they were " a constant source of expense and an- 
noyance," this being caused by the fact that the water 
supply apparatus was not very good, and that the 
closets were not properly ventilated. Now a mixture 
of sifted peaty earth and ashes is used, and the earth 
and excrement fall into a galvanised iron pail provided 
with wheels. The slops are still passed through the 
drains originally laid down by Mr. Menzies, as also 
is the urine from the men's urinals, and this mixed 
liquid is used to irrigate "some grass lands in the 
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adjacent valleys." ^ It is stated that the only fuel re- 
quired for drying the earth in the most efficient manner 
is provided by the cinders which are sifted from 
the ashes of the establishment, the fine ash being 
mixed with the dry earth (which is dried in a kiln 
built for the purpose.) It is also stated that in this Saving of 
establishment there is a saving of nearly half the 
amount of the w^ater originally used. It will be irrigation. 
noticed that this asylum affords an instance of a place 
where the water-closet and irrigation system has been 
changed for the earth-closet system, plus the utilisa- 
tion of liquid refuse by means of irrigation as before. 
In the Dorset County School " the ordinary system 
previously employed had resulted in trouble and 
annoyance perpetually recurring." (Messrs. Girdle- 
stone.) We find from Dr. Buchanan's report that Day urine 
the whole of the day urine is dealt with as well as the 
stools, but that the night urine goes with the slops, 
a sufficient proof of the impracticability of the plan 
which has been proposed for separating the urine 
from the other slops. At this school the system is 
carried out in the following manner: — There is a 
water-tight vault with two closets at each end of it, 
the urinals being placed between. The dry earth is 
stored in a shed close at hand, and with it the hoppers 
of the closets are filled as often as required, and the 
urinals are supplied four times a day. A ton a week Quantity 
is required, or four pounds a day to each boy. The ^^ ^^^^' 
contents of the vault are removed without any smell, 
except on an occasion when earth had been supplied 
iii insufficient quantity. It is stated that the agri- Value of 
cultural value of the earth which has been twice nure. 

1 " The Dry Earth Syttem," p. 7. (Messrs. Girdlestone.) 
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through the closet is from £2 to £3 a ton, or 15s. 
a year for each boy. (We do not see how this is 
possible, the value of the total excreta being only 1 0*. 
a head at most.) The closets caused no offensive 
smell, and the diarrhoea, which had been epidemic in 
the school, has ceased since their construction. A " low 
fever '' which existed in parts of the town around the 
school in 1866 and 1867 did not show itself in this 
establishment at all. The whole cost of the repairs 
of these closets in four years is stated to be less than 
10*., while that of the water-closets was more than £3 
a year. From the same report we find that at the 
Dorset County Gaol these closets have been used for 
three years for the whole dejecta, both night and day. 
About 3lbs. of earth a head are used daily; this is not 
enough. The manure is kept in a heap in the shed ; 
when turned over for drying it is found to cause a bad 
smell. It fetches about £1 a ton, or 10*. a year for 
each prisoner. A saving to the extent of £15 a year 
in plumbers' bills is said to have taken place. The 
health of the prisoners has not been affected, having 
been good under both systems. At Lancaster Gaol 
the pail system was found always to be offen3ive, not- 
withstanding the provision of water-tight lids for the 
receptacles. Earth closets are now substituted for the 
pail closets, and are supplied with earth by hand, 
each prisoner throwing it into his closet with a scoop. 
Dr. Buchanan saw a heap of compost in the shed in 
the yard, and found no smell in the shed, but a hand- 
ful of the mixture had a urinous odour. The slop 
water and the contents of the pails that are left are 
thrown into the sewers. At the Grammar School in 
Lancaster these closets answer very well, as also at 
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the national schools: the only one found in an offensive 
condition was one of the girls' closets, into which some 
large stones had been thrown by some workmen, and 
to which earth was not supplied pending the removal 
of the stones. It was stated here that the trough Failure of 
water-closet was found to be very offensive. At St. water- 
Mary's College, Oscott, near Birmingham; at the ^^^^ 
Manx Lunatic Asylum, Isle of Man; at Reading 
Union Workhouse, and at other workhouses and 
factories, the system has been successfully applied. 

At Wimbledon Camp, since 1868, this system has wimWe- 
been annually in operation. In 1866 and 1867 the '^'^^""p* 
excrement was removed by water through drains into a 
brook, causing of course " serious nuisance in the neigh- 
bourhood/* In 1 867 earth closets were tried on a small 
scale, and they were found to succeed so well, that in 
1868 they were established throughout the camp. 

The plan adopted at Wimbledon is a very simple 
one. Rows of closets made of deal boards are placed Arrange- 
back to back, with a passage between the rows, to ™^° 
which access is only attainable by the attendant. 
Under each row a long pit is dug in the ground 
(4^ feet deep by 5 feet wide), into which the excrement 
falls. Each closet has an apparatus which is worked by 
the weight of the person on the seat, and which causes 
one and a half pounds of dry earth to fall from the 
receptacle on to the excrement. The urinals are also 
placed over the pits, and are supplied with dry earth 
by hand labour. Each urinal requires about 1 80lbs. 
of earth in a day. Before the meeting 120 tons of Quantity 
earth were dried and stored, and it was found that ° ^^ 
140 were required. The hoppers of the closets are 
filled every morning, and refilled as often as required 
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by an attendant. It is estimated that the public 
closets were used once a day by 3,000 ])ei'son3, and the 
public urinals moi*e than 10,000 times in the day. 
Amount of five ouuccs being the average weight of a stool, and six 
disposedof. fluid ounccs the average quantity of urine at eachmic* 
turition, it follows that " a total of nearly l,0001bs. of 
solid and over 3,000 pints of fluid excrement" were thus 
disposed of daily. {Twelfth Report, M, OP. C. p. 90.) 
In the limes for July 24th of that year, it was 
stated that '' hitherto chloride of lime, flushing, and 
various other expedients have been resorted to, ami 
have worked more or less successfully, but always with 
drawbacks of a too obvious character," but that, not- 
withstanding the increased numbers in the camp, and 
the excessive heat, the earth closet had succeeded so 
perfectly, that there was " absolutely no annoyance of 
any kind." 

The Lancet also bears testimony to the great success 
of these closets at Wimbledon, and points out that it 
'' follows, as a matter of course, (hat they must be in 
every way suitable for the exigencies of rural districts.' 
The number of closets in the camp is stated to have 
been 108, and of urinals 46; the number of volun- 
teers was 2,300, and the number of visitors 84,792. 
It is plain that the system was here subjected to a 
very severe test, especially when the excessive heat of 
the weather is taken into account. 

It must, however, be observed that the opinion that 
the earth closets at Wimbledon in the year 1868 were 
in every way a success, although maintained by Captain 
Drake and Surgeon-Major Wyatt, was not shared 
by every one who saw their working throughout the 
meeting. Dr. George Johnson pointed out that there 
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was probably some close relationship between the 
earth closet system and the great prevalence of diar- 
rhoea in the camp ; and though the cause of this 
(liarrhcea has been to a certain extent explained by 
the excessive heat of the weather (diarrhoea having also 
been very prevalent in Loudon at the same time) and 
the too great use of imprudent drinks by the men, 
vet Dr. Reed maintains that the earth closets had a 
good deal to do with it. He says : " The trial of the 
dry earth closets in 1867 proves that when they are 
used by a few persons only they act very well, and will 
answer in isolated houses where earth can be procured 
in such quantities as actually to smother the excreta; 
but the trial in 1863 proves that in camps, and if not Dangerous 
in large towns, they (in my opinion) are useless and 
highly dangerous to health." In the letter just quoted, 
which appeared in the Lancet of April 17th, 1869, 
Dr. Reed states, with regard to the earth pits, that 
" by the time the camp was nearly over these cess-pits 
became cesspools full of nothing but excreta, urine, 
and mud. . . . Any one who had to visit these places 
at Wimbledon in 1868 can testify to the fact whether 
even * deodorisation ' was perfect or not. . . . The ex- imperfect 
creta and so forth were not ' deodorised ' or * disin- ^om^""*' 
fected ' and * rendered innocuous ' in the Wimbledon 
camp of 1868." He agrees with Dr. Johnson that 
the prevalence of diarrhoea in the camp was due to the 
'* stench " given out by the closets : adding that the 
supply of earth was too limited. " Frequently by ten Earth not 
clock A.M. many boxes were empty, and were pued. 
never refilled all day. The working of the apparatus 
was uncertain, for frequently the earth would not pass 
through, either because it was too damp or the place 
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was choked up." On Captain Drake's denying these 
charges, and stating that the earth system was gra- 
dually introduced and worked on the whole success- 
fully, acknowledging at the same time that there were 
some "offensive closets," and that the ** self-acting 
apparatus in the urinals was unsatisfactory and was 
purposely put out of gear," and in answer to a letter 
from Messrs. Girdlestone, the engineers of the Earth 
Closet Company, quoting the opinion of Surgeon- 
Major Wyatt, who expressed his " cordial approval of 
Moule's system of earth closets, the merits of which 
Charges have been severely tested," Dr. Reed pointed out that 
know-** Captain Drake admitted the truth of the bulk of his 
lodged, accusations, and maintained that the reason whv some 
latrines had to be emptied during the meeting was, as 
he had stated^ that they became filled with urine, 
excreta, and mud. 

In fact, in an article in the Lancet of July 8rd, 

1869, Surgeon-Major Wyatt, while pointing out the 

difficulties of attempting to work any other system 

than this successfully at Wimbledon, acknowledges 

that in 1868 the arrangements for carrying out the earth 

closet system " were not quite so perfect occasionally as 

could be wished,'' and that the closets were not always 

deprived by the earth of their odour on account of the 

excessive use of them, advising that we should "try 

again under more favourable circumstances and better 

Improve- survciUance.'' He also suggests that the earth should 

gested *"*" ^® mixed with about one-fourth of its weight of freshly 

burned lime, and that Macdougall's powder should be 

employed for the use of the urinals. 

Sacccasin With regard to the meeting of 1869, Surgeon- 

^^^^- Major Wyatt says {Lancet, July 24) : " During this 
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meeting, a better surveillance of the closets has been 
insisted on, and they have been used to an enormous 
extent by the vast concourse of people assembled, but 
I have heard of no complaint of any want of deodorisa- 
tion ;" and Capt. Drake describes a few points to which 
attention should be directed in introducing the system 
into barracks or permanent camps, especially insisting 
on the quality of the earth, which *' should be a clayey 
loam, friable and thoroughly dried. No soil must be 
used which contains vegetable matter ;" and observing Sappiy of 
that the urinals should be separated from the latrines, ®"^ * 
and supplied with earth by hand twice a day, "no 
self-acting apparatus being found to answer." 

The pits filled during the meeting of 1868 were BadsmeU 
emptied in the summer of 1869, and a bad smell was iDgthe 
produced during the operation. This is stated to ^^^' 
have been caused by the fact that the earth was not 
of a good kind^ and that the quantity was too small. 
In 1869 the pits were emptied directly after the 
meeting, and very little smell was noticed ; the quantity 
of manure produced was 117 cubic yards. This year 
(1870) the closets undoubtedly acted well on the whole, 
and diarrhoea was prevalent to no great extent. On OccaRionai 
one occasion, however, we remarked that the closets this year. 
were very ofiensive, exceedingly so, probably from not 
having been properly supplied with earth ; and we find 
from the British Medical Journal of August 6th, 
that " throughout the meeting there were occasional 
evidences of Moule's earth system breaking down ; 
but these were, we believe, due in a great measure to 
the defective earth supplied for use." 

On the whole, then, we may conclude that this 
system has at Wimbledon worked well whenever the 
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requisite care and attention liave been given to it, 
but that, whether from mistakes made " as to the 
detail of the number of latrines in different places 
causing* some closets to be overcrowded," as Captain 
Drake will have it, or from the supply of earth being 
insufficient or insufficiently dried, we may take it as 
certain, that in 1868, as in the present year, it was 
not always found practicable to keep the closets ia 
perfect working order. 
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THE EARTH CLOSET SYSTEM IN INDU. 

The general conclusion of the reports of the Sanitary 
Commission for the Bengal Presidency, and of the 
Governments of Fort St. George and Bombay, are to 
the effect that the dry earth system is a great improve- 
ment on the former state of things, and that it has 
been found to be a "public benefit of very great 
value." 

Dr. Mouat, the Inspector-General of Jails, writes :— 

'^ It is, in my humble judgment, impossible to over-estimate 
the benefits that will result from the labours of the Rev. Mr. 
Moule in this important branch of hygiene. It has alreadj, 
in the infancy of its introduction in Bengal, worked wonders, 
and I have little doubt that its economic advantage will here- 
after be as great as its immediate influence in promoting the 
comfort and improving the health of all public institutions in 
which it is properly used." (See Report No. 126, dated 18ih 
April, 1867.) 

The system is at work in the jails of the Punjaiib, 
of Oude, of the Mysore and Coorg provinces, &c., 
and the Commissioners all report most favourably 
of it. 

From the proceedings of the Government of 
Bombay it would appear that the introduction of the 
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earth closets into hospitals and jails has heen often 
attended with success, especially '* in some hitherto 
notoriously unhealthy jails ;" but we find a great 
many reports of failure from various causes : ** Earth 
could not be got, except from a great distance;" 
"carbolic acid powder is used, and is preferred;" "failed Somec»u«ea 
during the monsoon;" *' tried for two months, but dis- 
continued, as the men could not be prevented from using 
water." Nevertheless, there is no doubt that the great 
majority of the reports are very favourable to it. 

It would appear that the dry earth principle has 
been for a considerable number of years in use in India, 
it having been " employed in the Punjaub, introduced 
by Sir Henry Lawrence many years before it was per- Firetintro.^ 
fected as a system by Mr. Moule." ** Although it sir^«n^ 
had been used as far back as 1854 in the Poona jail, ^^'e^ce. 
Dr. Ogilvie was the first in this Presidency to employ 
it systematically, but not by any means in so complete 
a form as it is now used under Mr. Moule*s system." 
(No. 1,594: dated 2eth April, 1867.) 

Sir Henry Lawrence's plan was a very simple and 
effective one: the privy was merely the space between 
two low walls ; dry earth and cook-room ashes to the 
depth of four or five inches were spread in it, and simple 
also in front of it to absorb urine; while a heap of ^ 
earth with a wooden trowel was provided opposite 
each seat, and every prisoner was required, under pain 
of severe punishment for neglect of this duty, to throw 
some of the earth into the privy immediately after 
using it; the trenches were to be cleaned out " twice, 
thrice, or oftener in the day,'* and fresh earth sup- 
plied; while during the rains, matting coverings were 
to be provided. 
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The Madras Reports have not been so favourable to 
the system on the whole ; they are very important, as 
they enter in the minutest manner into practical 
details. In examining carefully these Madras Reports 
(1867-8-9), we are at once struck with the great 
practical difficulty that there appears to have been in 
carrying out this system, even where so much hand 
labour can be got cheaply, and with the conviction of 
every one who has had anything to do with it, that 
the system inevitably fails where the most efficient 
supervision is not continually given to it. We find 
such statements as the following : — 

" That wherever large numbers of persons under control are 
congregated, Mr. Moule's system of conservancy has been entirely 
successful, and that it is, so far, a great public benefit." 

''As in many stations in India a good system of drainage aod 
water supply are both deficient, Mr. Moulo's system of dry earth 
sewage is the best means available for our barracks, hospitals, 
jiils, and other public institutiona" (iVb. 125, 22nd May 1867, 
par. 9, 12.) 

'' Great care and constant attention are required in adapting 
all the parts of the process to each other: mechanical difficulties 
have been experienced in the use of hoppers for throwing in the 
earth ; scoops for throwing in the earth after using the latrine are 
imperfectly applied ; native servants have had to be appointed to 
this duty." {Report on Sajiitary Improveinents in India, 1869, 
p. 209.) 

It is insisted in these Reports that 2^1bs. of dry 
earth is the least quantity that can be accepted " as 
the weight of earth necessary to deodorise and main- 
tain in a state of inofiPensiveness the solid and fluid 
dejecta of a healthy adult, as ordinarily passed into a 
privy-pan or tub of moderate sectional area;*' but 
this, it must be observed, does not include any urine 
other than such as is passed during the use of the 
closet. From Surgeon-Major Koss's experiments it 
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appears that 2^lbs. of earth are required for each use of 
the urinal, and that provision must be allowed for three 
such uses during the twenty-four hours. The aggregate Amount of 
amount of urine passed being thirty fluid ounces, or 
Ijlbs. (pounds and pints of urine are, practically 
speaking, convertible terms), it follows that 36lbs. of 
earth are required for each gallon of urine, and this is 
certainly the least estimate. From this it appears, 
that to deodorise the urine of 1,000 men no less than 
1,099 tons of earth would be required per annum. It impracti- 
is scarcely wonderful that **in the urinals theCommis- urinal^' 
sion think that the difficulty, owing to the enormous 
quantity of earth to be brought and removed, *is 
practically insuperable;'" and that in their sugges- 
tions they state that " pans designed to separate the 
solid and fluid feculence should be adopted if possible;" 
Dr. Ross estimates the total quantity of earth required 
to deodorise the whole excreta of an adult at 9f lbs., 
of which 3 lbs. will be required in the latrines, and 
6| lbs* in the urinals. " This raises the amount re- 
quired to be supplied for 1,000 men to something like 
1,58S tons per annum, while the mixed earth and 
ordure to be removed will amount to 1,995, or say 
2,000 tons ! This is undoubtedly an enormous mass EnormouB 
of soiled earth to transport to the place of deposit." e«^ib." 
[Proc. of San. Ccynimissioner for Madras^ 1868.) 

After pointing out the necessity of dryness, pulveris- 
ation, and immediate application of the earth, and 
insisting that it is also necessary that no water be 
used in or about the latrines, and that " any incidental 
dripping of fluids must be covered and absorbed by 
dry earth," the qualities of various kinds of earth 
are also discussed. Dr.Blakelock has shown that '* 7lbs. 

G 2 
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of clay have the same deodorising power as 1 7lbs. of 
Value of the ordinary sandy loam procuralbe at Madras/* The 
wynT^^ order of eligibility of various soils is stated to be the 
earth. following : — 1, rich gai'den mould ; 2, peaty soils ; 
8, black cotton soils ; 4, clays ; 5, stiflF clayey loams ; 
6, red ferruginous loams ; 7, sandy loams ; 8, sands. 
Pug-iniiiB. Contrivances called "pug-mills" have been esta- 
blished for mixing thoroughly the earth and excrement 
Opinions seem to differ very greatly as to the efficiency 
of the working of these mills, but Dr. Ranking con* 
dudes that "efficient supervision, in fact, ensures all that 
is contemplated by the use of the mill, while neglect 
entails failure and needless expenditure." (Par. 61.) 
Macdon- ^ Considerable amount of evidence was brought 

§er ferih ^^^^^^ ^0 show that Macdougall's disinfecting powder, 
urine. which costs £10 a ton, may be used with advantage 
for the deodorisation of the urine, the dry earth 
being only supplied to the latrines. " Dr. Stewart 
Clarke states that six per cent, is sufficient to 
deodorise and maintain in a state of freedom from 
ill odour the solid and fluid excreta of latrines and 
urinals;" and he shows, with regard to urine alone, 
the total annual quantity for 1,000 men, plus six 
per cent, for disinfecting fluid, comes to 580,3501bs. ; 
whereas in the earth process the amount to be 
removed would be "no less than 3,011,2501bs., 
or 1,344 tons 1" (Zoc. cit par. 69.) 

Dr. Ranking, towards the end of his Report, states 

Sanitary that " there is abundant evidence to prove that the 

firom^eartii introduction of the dry earth system has effected a 

cioseto marked change in the sanitary condition of barrack and 

hospital privies and urinaries, and that it has exerted 

a most beneficial influence upon the health of the 
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troops/' When we put by the side of this sentence 
the following statement by the Inspector-General of 
Prisons in the Bombay Presidency — "this simple 
and inoffensive system has entirely superseded that Former 
of noxious drains and cesspits formerly in vogue " — »y^^^* 
we are able to understand at once that the earth 
closet system carefully carried out has been an 
undoubted improvement upon the former state of 
things. Even in these earlier reports it is pointed 
out that "the objection to the system is the 
great cost of furnishing earth for daily use, and of its 
removal In these respects water conservancy, by Water oar 



which human excreta can be removed in suspension economi 



n&ge most 
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by pubUc sewers, will, wherever water supply is avail- 
able, be found more economical." And again : " As 
regards the ultimate use of human excreta as manure, 
it is probable that when thus diluted and applied to 
the soil, this form of manure has more fertilising proper-* Liquid 



ties than the excreta mixed with dry earth and known bettertUaa 
as poudrette" But from a memorandum by the Army ^^^'^' 
Sanitary Commission (No. 8) in the Report on Sani- 
tary Improvements (1869), we find that the practical Difficnities 
difficulties in the working of the system, instead of "^^'^^' 
decreasing with experience, have, on the contrary, 
increased to such an extent as to oblige the authorities 
to look for some other method for the disposal of their 
refuse. The Commission point out that it is insuffi- 
cient " to remove only one class or cause of impurities 
and to leave the others ; and no sanitary proceeding 
which does not deal effectually with all of then), can be 
considered as sufficient for health." {Loc. cit. p. 208). 

"The following sourcesof impurity require to be continuously 
removed from inhabited buildings in India, as elsewhere : (a)^ solid 
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Total kitchen refuse, includiug diMs of food ; (6), nan water, which 

refuse. would, if left in the subsoil, tend to generate malaria ; (c), all 
the water brought into the station, except that which accidentallj 

Foul water, evaporates. This water is used for drinking, cooking, washing 
baths, and lavatories. The amount cannot be taken at less than 
12 gallons per head for every healthy man, woman, and child, 
including servants ; from 30 to 35 gallons per head for every sick 
man per day, exclusive of water for horses .... Practically this 
water in all climates, but especially in India, becomes, if DOt 
safely disposed of, an inevitable source of disease and ill health. 
It contains a large amount of putrescible matter, and, if urine 
were mixed with it, it would become so noxious that it would 
matter very little whether or not the contents of latriuea 

Excreta, ^ere added to this other sewage ; ((/), the matter from latrines, 
including s^lid and fluid excreta, at about one pound per man per 
day, or, in round numbers, half a ton per day per thousand mea" 

They state that the solid dedris being removed by 
hand or cart labour, the refuse water must " either 
be passed into cess-pits, or it must be carried away, 
or it must be allowed to find an outlet where it can 
by surface drains — probably into the subsoil.'^ That 
the rainfall must be removed in India " by improving 
the surface, and by impervious surface-drains,'* while 
the subsoil must be freed from excess of water by 
subsoil drains. The latrine matter, with which alone 
the dry earth system proposes to deal, "is to the 
fluid refuse of barracks, hospitals, cook-houses, and 
so forth, as 1 to 190 ; that is, for every pound of human 
BetdippoMs excreta removed under the dry earth system, there 
plrt°mi9i ^^ ^" ^^^^y well-regulated establishment about 190 
of the totoi of fluid refuse which must be otherwise disposed of." 
The earth, system, then, " deals only with one part 
out of 191 of the total injurious barrack and hospital 
refuse, while it makes no provision for the removal of 
surface or subsoil water." After pointing out the 
various practical difiiculties which have already been 
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noticed, and alluding to Dr. Banking's suggestion 
to deal with the urine separately by Macdougall's 
disinfecting powder, they remark on the practice of 
burying the mixture of earth and excrement, stating 
that it '- must result in fouling large areas of ground /' The com- 
for that, ** even after careful mixture of excreta with TOnJiMfoui 
earth, the mass when buried gives out offensive ^^^ 
vapours in rainy or damp weather." (Par. 4 — 15.) 

" It further appears that when a small quantity of the deodor- 
ised and hurled excreta is taken up and diffused in water, the 
i-esulting fluid is found under the microscope to teem with Develops 
vibriones and other forms of oi^ganic life, the very forms which yibrJones 
some writens haye indaded among the causes of Asiatic cholera. 
Without laying undue stress on this fact, it still may he taken as 
showing that, in India, the earth process and subsequent burial 
are inadequate for the requirements of health, at least in the 
case of large fixed populations, and that if this process is to be 
continued for such populations, it may be modified and brought 
more in accordance with natural laws." (Par. 16, 17.) 

Here we may remark that the burial of this Burial of 
manure in pits is no part of the earth closet system, m&toke. * 
ana that sanitary evils resulting from this practice 
are not to be put down to the blame of that system, 
except inasmuch as it has been found impracticable 
to sell the manure at a price which would pay for 
its carriage to a sufficient distance. 

The suggestion with regard to cholera reminds us 
of Pettenkofer*s views, and, coming as it does inde- 
pendently of them, must be taken for what it is 
worth when viewed in the light of his objections to 
the dry earth system. The application of deodorised 
matters as maniures is referred to in these terms : — 

'^ If the deodorised latrine matter were used for agricultural 
purposes, it must be borne in mind that all manure must be in 
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Manure eolation before it can be taken up by plants, and if it imut be 
aoration.^'^ in solution it may as well be conveyed in water. Now, con- 
veyanoe by water in England costs only a tenth part of coDvej- 
auce by cart. Foul water already containing manure in solntion 
exists at the stations and is not removed by the dry earth 
system, but it is absolutely necessary that this foul inter, 
derived from the water supply carried into stations, should be 
Dnioa removed from them. By &r the cheapest way of doing this is by 
^^^^^^^^^* drains, and, if there be drains for foul water, there is no reason 
why the latrinQ refuse should not be carried away in the same 
drains .... The first cost of trough latrines or soil-pans maybe 
taken at £1 sterling for every ten men .... There must be foal- 
water drains unless the foul water is carted out of the station. To 
Why two have two systems of cleansing stations, a foul- water system and 
aysienu} |^ dry-earth system, would simply be paying double where one 
payment would answer; or if all the exci^ta, solid and liquid, 
are to be carted away, this must be done at a cost ten times 
greater than that which would be necessary if all the excreta 
were removed bv drains." " The removal of latrine matter is 
simply an incident in the drainage of a station, and in draining 
a station we have only to consider the population and ^e 
amount of water supply brought into the station and fouled by 
domestic use. The real question is how this foul water can be 
most easily and cheaply removed. It is necessary to enunciate 
this principle broadly, because the amount of nuisance from 
imperfect latrines in such a climate as India has naturalij 
drawn the attention of medical and other officers to the neoessity 
ft)r abating this nuisance, to the possible underrating of sources 
of disease from the foul water of stations of equal if not of greater 
importance." (Loc. cit. par. 22, 23, 24, 26.) 

It therefore follows that the foul water must either 
be carried away in drains, or be carted away at 
stated periods (becoming putrid in the interval), at 
Tooexpen- ten times the cost. The water latrines could be 
cart it emptied into the drains, a proceeding involving no 
additional expense, but doing away with the whole 
cost of the earth closet system. 
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" Whether the dry earth system be used or not for latrina 
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and urinals, the health of stations will be only partially im- Snbsoil 
proved, unless provision be made for removing away from ^**®'"- 
stations all the fool refuse water as well as the malaria-pro- 
dacing Bnbsoil water of the station." (Par. 25.) 

The Commissioners then discuss some of the results irrigation 
that have been attained by the irrigation system, and ^^^ 
" suggest whether some one Indian station might not 
be improved on similar principles, and the sewage 
rendered available for supplying troops and horses 
with farm produce*' (par. 50), and they conclude 
their report as follows (par. 52) : — 

** It will be seen that the fundamental point in the question 
is the removal out of the station of all water brought into it 
for domestic use. The cheapest way of doing this is by drains Latrines 
laid to an outlet; and if drains be provided, there is no reason nit^^^^ 
why the latrines should not be connected with them. But if drains, 
from local circumstances it be impracticable to remove refuse 
water by drains, then the other alternative of collecting it care- 
fully and carrying it away will have to be adopted, and in this case 
the latrine matter might be separately dealt with for agriculture.*' 

It should be added that "there is, however, scarcely 
a plan which has come before the Committee showing Drainage 
a fall in the ground which would render natural tionsimost 
drainage impossible." It is difficult to suppose that ^Zca- 
a system that has been attended with such practical ^^^®* 
disadvantages (even under the advantageous condi- 
tions presented by the systematic management of 
barracks and prisons) that the question of abandoning Difficulties 
it is already being considered, is ever likely to be ^^^ 
turned to any account for the removal of the solid ^»^^ 

towns* 

excretal matters of the populations of large towns. 
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THE EAKTH CLOSET IN VILLAGES AND TOWNS. 

With regard to the appHrability of this system to 
villages, it is stated in a published letter, that " in the 
villages of Halton, Buckland, Western Turville, and 
Ashton-on-ClintoD, on Baron Rothschild's estate in 
Buckinghamshire, with a population of about SOO 
persons, the system has been in use for eighteen 
months. The overflowing and fever-breeding cess- 
pools, ditches, and privies, have been cleared, and not 
a foul smell can anywhere now be found." Tts work- 

iroprove- ing at Halton is described in Dr. Buchanan's Report, 

Hdtom which we have so often quoted : it has been there in 
use for three and a half years, the thirty-three houses 
of Halton being all supplied with earth closets, wLicli 
are detached from the house in all but two cases. IV 
earth used is a loamy garden mould, well dried ; it is 
used twice. There is an opening at the back of the 
closets for the supply of earth and for the removal of 

Amnge- the manure from the pit. A self-acting apparatus is 
supplied which acts by the weight of the sitter. One 
hundredweight of earth a week, on the average, is 
required for each closet. A very slight smell is said 
to be caused during the drying process, but it is so 
trifling that it offends no one. 

Ashton-on-Clinton, a village two miles off and with 
twenty-two closets, is managed by the same scavenger 
as Halton, with one horse and cart, and the occasional 
services of a boy. It is estimated that 600 people 
together could be managed with the same slafl" and at 
the same cost as the 300 in these two villages. The 

Coit. cost was as follows : — The drying-sheds and kiln cost 
£150 ; the weekly cost was 25*., namely, 15s. for the 
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man's wages and 10^. for firing, occasional cost of 
horse and boy, and all other incidental expenses. The 
earth passed once through the closets^ was stated to 
have a miaimuni value of £3 a ton ; but, on the sup- 
position that earth passed three times through them Vsiue. 
has this value, the gross annual return would be £130, 
or under 10s. a head, {N.JS. This is above the pos- 
sible value unless all the urine is retained.) A half 
of this would meet the current expenses, and the 
other half would remain for repairs, for repaying the 
original outlay, and for profit. t 

In the instance in which the closets are under the 
same roof with the house, ** the occupiers, not liking Earth cio- 
thera so placed, had only used them occasionally when uked in 
there was sickness in the house; for ordinary use they ^**®*^^'**^ 
had a garden privy with cesspool, the only one left in the 
village ; it was a typical, old-fashioned privy, and gave 
the only decided stink met with throughout Halton.'' 

These villages are both well supplied with water 
and sewerage arrangements, and each cottage has a 
piece of ground attached to it; fever and diarrhoea are 
wholly absent from them, but this was the case for 
years before the introduction of the earth closets. 

In Lancaster, earth closets have been introduced by 
Mr. Gamett into some of the poorer houses — 450 in 
number, and inhabited by about 2,250 persons, or 
one-seventh of the population of the town. The pits 
of the latrines are emptied once a month ; the scaven- Closets vi- 
gers visit each latrine once a day, and put in earth for a daj.^°^* 
twenty-four hours' use, allowing about a pound for 
each use of the closet. No slops are allowed to be 
put in, and the urine is collected in large vessels and 
removed by men, as it is found to be less expensive 
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Some of to remove it than to bring sufficient earth for it. 
lected Some closets are, however, used for the whole of tbe 
■epawteiy. excrement and urine of the population. Fourteen 
tons of earth are required for the 450 houses. The 
ashes were first mixed with it, but this year nothing 
but earth is used. There was no odour except where 
the orders about slops had been disobeyed. They were 
altogether found to work better than the water-closets 
in similar parts of the town, which get choked up and 
Trettment bccome offensive. 'I'he soil from the closets is here 
^^^' not dried again for use, but carted away crude up to 
the top of a neighbouring hill, mixed with blood, 
offal, and straw — from the shambles — street sweepings, 
and so forth, and spread in long heaps, with a tram- 
Addition way along the top of each heap; the urine which has 
been collected from the houses is added, by means of 
water-cai'ts which run along the tramways. In the 
summer it is at once absorbed, but in tbe winter the 
surface is wet, and the heap is found to smell offen- 
sively when dug into, this being chiefly due to the pre- 
sence of matter from the shambles. A larger quantity 
of earth has lately been used with considerable advan- 
tage. The sale of the manure is said about to pay for 
About its manufacture. It costs from Is. 6d. to lO^.acubic 
paya costa. y^^^ jq make, and sells at lOs. a cubic yard. The 
analysis of a sample (1st Report of Rivers' Pollution 
Commissioners, 1868, vol. i. p. 50) shows that it con- 
Feeble tained only '207 parts of total combined nitrogen, and 
©rthe^ '326 of phosphoric acid, in 100 parts; and the remark 
is made that ^' these figures indicate a practical value 
certainly much below that at which we had been led 
to estimate it by mere inspection; and it is manifest, 
from the very small amount of total combined nitrogen, 



manure. 
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that much of the urine escapes preservatioiL . . • More 
than 93 per cent of the finished manure consisted 
of nearly worthless mineral matters and water/' At 
Lancaster the advantages are stated to be, that an earth 
closet is cheaper than a water-closet, and causes less 
offensive smell, that ^ few or none of the deaths from sanitary 
diarrhoea and typhoid have been in houses provided ^^^^^^ 
with earth closets," that "fever has almost wholly dis- 
appeared from parts of the town where it was formerly 
rife," and that the saving of water is a considerable 
gain; but we must especially draw attention to the 
fact that in Lancaster the refuse water, which is not, 
as we have before stated, treated satisfactorily by this Easy du- 
system, can be got rid of by turning it into the sea; ^ai water, 
so that this is obviously an exceptional case. 

Dr. Buchanan calculates that the original outlay of 
a town of 1,000 inhabitants, in changing from outside 
privies to the E.C. system, need not exceed £250, and 
the weekly expenditure £4 155. If the earth were 
used once there would be an annual income of £365 EsUma- 
against an expenditure of £260; if four times it would fiundfow! 
sell at £3 a ton, and produce an income of £600 with 
an expenditure of £244. But in the only town where 
it has actually been tried, with diminished expense from 
separate collection of urine, it only just pays its costs. 
The Messrs. Girdlestone, in pointing out the duties 
of the scavenger in villages supplied with these closets, 
state that "the dry earth system and the water system Water syg- 
could be made to work together in a village where a i^"J^y * 
general adoption of the former could not be carried ^^^^'^^^ 
out ;" and also* admit that " in addition to the ob- 
noxious refuse which the earth system treats, there are 
in all habitations the liquid refuse substances of the 
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kitchen, the washhouse, and the chamber, to be provided 
NeoeMity for." They suggest that li^ht and inexpensive sewm 
andoflni- sbould be made to carry them away, or that they 
gation. (( jjjgy y^ conveyed, by 8ub4rriffatinff drains^ into the 
soil of the adjacent gardens, and there used as a valu- 
able supplementary manure ;" and that in the fonner 
case this liquid refuse should be partially purified 
before reaching the street sewer, by draining it through 
Compost some available medium, such as a compost heap iu 
p^ffjUie which ashes would be a principal ingredient, and by 
wiSwp. *^^ ^*® ^^ disinfectants where these might appear to 
be necessary. They point out that " the small system 
of drains required for the liquid refuse, if earth were 
applied to the extermination of the solids, would not 
require more than one-third of the cost bestowed on 
drains under the water system." That this would 
not be the case we shall show in due time (p. 96). 

Captain Drake sees the difficulty of a separate 

drain system, and actually suggests in his letter to the 

Lancet (July 24th, 1869). that "the refuse water from 

Cesspools kitchen sinks, &c., should be drained into cesspools, 

water. accessible to a cart in the same way as the latrines. 

It can then be pumped into a cart and removed." 

This suggestion speaks too strongly for itself to 
need any additional remarks. 

The Rev. Henry Moule, in his pamphlet on " The 

Science of Manure as the Food of Plants," states 

that the liquid refuse of his house was at first con- 

' veyed by drain-pipes into a tank in his garden, but 

that, especially in sultry weather, the contents of this 

offenMve- tank fermented and became exceedingly offensive. 

wtter^ He then interposed, between the house-pipes and the 

tank. drains, tubs with holes in the bottom and nearly filled 
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trith earth mixed with a small portion of coal ashes. 
This method sufficed to prevent the offensive smell 
from the tank '* so long as the earth was frequently 
changed : but, if the earth continued to be so used Filtration, 
more than forty-eight hours, ammonia was soon per- succeaSui. 
ceptible in the one tub, and from the other there 
orose a most foetid smell. '^ Such a method as this 
might answer very well with careful management in 
cottages and in detached country houses. 

He considers that "the removal of such refuse from 
houses, whether detached or in villages and townSy is 
perfectly feasible ; " while in a letter addressed to the 
Editor of the Hertfordshire Express^ he states that Refuse 
"in a town standing, for instance, as lipping does, the Jla^'^by^ii.. 
whole of both bath and slop and sink water may be "k^'^o"*- 
disposed of by sub-irrigation on ten or twenty acres of 
land at each end of the town, and by it the land be 
made worth £20 per acre.^' 

From all these statements, made by the supporters 
of the system be it observed, it is evident that, as in 
all other systems which keep the excremental matters 
from the sewers, a special arrangement has to be made 
for the treatment of other refuse matter which is too 
valuable to be lost, not to say anything of its render- 
ing the sewage unfit to be allowed to run into a water- 
course. The plan proposed by Mr. Moule to meet punoffii- 
thia difficulty could obviously not be applied in towns, fejiiwo^n^ 
however well it may act when carefully conducted in ^^"^ 
country houses ; although even under these favourable 
conditions it is questionable whether persons who have 
TiQt a special predilection for the system would consent 
to have buckets of earth and ashes placed as filters 
for the slops, the contents of which buckets are 
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obviooR acknowledged to become offensive if they are not 
tioofc '^^ changed regularly every forty-eight hours: but the 
other suggestion, namely, that this liquid refuse might 
be disposed of by sub-irrigation of a few acres of land, 
is much more important, inasmuch as it acknowledges 
that, practically, the earth closet system has not solved 
AckDow- the question of entire removal of refuse matters, bat 
of failure that, cvcu With it, some irngation system is required. 
withHquid ^^^ suggestiou that the sewers might be made of 
refuae. much lighter construction and at a much smaller 
expense, if the earth closet system were in vogue, can 
hardly be accepted unless it be admitted that even 
under this system it would advisable to have sewers 
provided for the slops and liquid refuse generally 
Nt) dimi- apart from the drains provided for tie rain/all and Ihe 
size of subsoil drainage^ otherwise the difference in the size 
'®''®^ and construction of the sewers and in their cost could 
amount to next to nothing ; the great size that they 
have to be made when used, as is generally the case, 
both as drains and sewers, being necessary chiefly to 
provide for a sudden excessive fall of rain. We come 
Dilemma, then to this dilemma — either two systems of sewers 
must be supplied, or, the liquid refuse being received 
into the one system of drain-sewers and mixed with 
the whole of the drainage water, this quantity must 
be purified in some way at a great expense, although it^ 
value as manure would have been diminished by pre- 
cisely the amount of fertilising ingredients that had 
been kept from the sewers by the dry closets. 
Two sete In fact, as far as the Utilisation question is con- 
ne<^ry. cemcd, there is a greater necessity for two sets of 
sewers with the earth closets than without them. 
The advantages claimed for this system are, that 
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when properly managed it disposes of the excremental 
matters without any nuisance or injury to health, and 
produces a manure sufficiently valuable at least to pay 
the expenses of the management of the system ; that Advan- 
in the poorer districts, where supervision is always ^^r dis- 
necessary, the earth closet affords especial advantages ^"®*^ 
over the water-closet, in being cheaper m cost, re- 
quiring less repair, not being injured by frost nor by 
improper substances thrown down it, and in greatly 
reducing the quantity of water required. Such of 
these points as have not already been considered will (^«j«*wa- 
be referred to in the account of water-closets. It is ^t8!"T 
maintained that a great advantage is to he found in 
the fact that all the manurial value of the excrement 
is retained in a form in which it can be easily carried poruwuty 
about from place to place, and in which it is especially ^^^^e 
fitted for agricultural purposes. 

But in retaining all the manurial value of the excre- 
ment, the compost can only retain what is there, and 
we must remember that the faeces only contain one- 
seventh part of the total valuable constituents of 
the excreta. That it has been found to constitute 
a very suitable manure, and to give very good results, 
there is plenty of evidence to show; that unless valuable 
much urine is collected with it, it cannot be really coitains* 
valuable, is also certain. We have seen that at ™yf|* 
Lancaster, where it is carefully watered with the urine 
collected from house to house, it is only a feeble 
manure, as shown clearly by its chemical composition ; 
and the ready sale of any such compost (unless con- 
taining much urine) only shows how much false guano 
there must be in the market. 

As to its especial fitness for agricultural purposes, 
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thpre is no doubt that all solid manures are less suit- 
able than liquid onus containing the same mannrial 
constituents. {See the evidence from India). 

The general conclusion come to by Dr. Buchanan 
and Mr. Radcliffe is, that "the earth system affords 
a second (see p. 123) way of safely disposing of ex- 
crement. It is ... an esseutitil element in this system 
also, as applied in poor neighbourhoods, that the entire 
luanagement of it,shall be conducted by the sanitary 
authority." ; {Twelfth Report M.O.P.C. p. 140.) 

Dr. Buchanan, at the end of his valuable Report 
(see Twelfth Report M.O.P.C.) brings forward and 
discusses the objections that have been made to tbis 
system. They are as follows : — 
OhjecUon !• I'hat for private houses water-closets are thought 
to be cleanly, earth closets to be dirty. This objection 
may appear to be trivial, but we are afraid that it will 
be found to be a very practical one, and that it is not 
made without good reason. We have already seen 
that even in Halton, where these closets were "under 
the same roof with the house," the occupiers actually 
refused to use them, and preferred their garden privy 
with its stinking cesspool. This must have been either 
because they had used them and found them, when 
so situated, to be a nuisance, or because there was to 
their minds a sentiment of uncleanliness in having 
the improved privy in such close proximity to their 
dwelling rooms. We expect it will be found that 
many other people will share this feeling with them, 
and that this objection will therefore be fonnd a very 
potent one. 

Here we may quote Dr. Parkes : — " Until there is 
greater evidence about the complete deodoriisation and 
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innocuousness of the mixed soil and earth when re- 
tained in Bouses (especially in the tropics), it would 
be desirable to have the earth closets always external 
to the houses, and if possible the soil should be re- 
moved daily." {Hygiene^ 2nd ed., p. 332.) 

2. That the earth closet gets out of order. This 
objection is answered by a reference to the schools 
and gaols in which the system is at work, and it is 
pointed out that with supervision these closets do not 
get out of order, while water-closets in the poor parts 
of all lai^e towns may almost be said to be never in 
order. We must at once insist that it is not fair 

to compare closets over which a daily careful super- Must not 
vision is exercised with others which are supposed to SS^n- 
work by themselves, and to require no supervision ^"^^' 
whatever, and so are left to the tender mercies of 
their employers. It should be pointed out, that were 
the earth closets to come into general use, it would 
be absolutely impossible to prevent bedroom slops and 
so forth being thrown down them^ especially in the 
case of closets in the upper floors of houses in towns, 
in which case it is obvious that the pit into which the 
pipe from these upstairs closets is \A descend directly Earth pit 
would simply become a cesspool, with the additional ooL be- 
disadvantage over the old-established cesspool, of not ^™ *| 
having any pretence at a mechanism for keeping 
noxious gases from getting into the house; in fact, 
wherever liquid refuse got thrown into the earth- 
closet, either upstairs or downstairs, the receptacle 
would become no better than a cesspool, without the 
advantages of a well-constructed one. 

3. That it is not applicable within houses, especially 
above the ground floor. There can be no doubt that 

h2 
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Invalid this Is Dot 8 Valid objection, except indirectly, for the 

objection. , . . .. , 

reasons we have just mentioned. 

4. The quantity of earth required in the case of 
towns would be too great. With regard to this point 
Dr. Trench states {First Report, JR. P. C. 1868, 
vol. ii. p. 305) that Mr. Bateman has calculated 

Amonnt "that for Loudon the amount of soil required 
which will be 2,000,000 cubic yards a year, which would 
requfred necessitate the digging of 200 acres to the depth of 
forLondon. gjj^ fg^j.^ qj, ^qq ^Q^es three feet deep, every year. 

The amount required in Liverpool, calculated on the 
same ratio for population, would be 400,000 cubic 
yards, or the digging of forty acres to the depth of 
six feet, or eighty acres to the depth of three feet." 
If one of the objections to the pail system be found 
in the blocking of the streets by the scavengers' carts, 
this objection must hold with increased force where 
not only the excremental matters have to be removed, 
but so enormous a quantity of earth has to be brought 
into the town and taken out again. Mr. Moule indeed 
believes that this may be done *' without .any increase 
of traffic in the streets^' by some underground method. 
Whether it would be likely to cost less, or even as 
little, to make underground tunnels communicating 
Removal with the lowest part of every house in a town, tunnels 
ground. which to be of any use would have to be sufficiently 
large to allow the construction of a tramway in theui, 
as to use the existing sewers for the removal of excre- 
ment, or even to construct a special set (as proposed 
by Mr. Menzies) of pipe-sewers for this purpose, and 
leave the large old sewers for drainage, we leave 
the reader to judge for himself. 

5. The objection of Professor von Pettenkofer, 
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brouffht forward by Dr. Rolleston in the Lancet of Petten- 
Mareh Cth, 1869, that he fears the greatest danger objection, 
from the earth system, especially as regards cholera. 
With regard to this objection, Dr. Buchanan points 
out that all the evidence from India, especially " in 
respect of cholera,'' is in the opposite direction. Dr. 
Rolleston thinks that because the soil is deodorised Dr. Roi- 
it is not therefore rendered innocuous. To this the opinion, 
supporters of the earth closet system reply, that the 
presumption is in favour of the contrary opinion, and 
that no facts have been brought forward against it. 
Dr. Rolleston, however, in defence of his position, has 
quoted Dr. De Renzy's statement in the Fourth 
Annual Report of the Sanitary Commissioner with 
the Government of India, 1867 (Calcutta, 1869), 
p. 211, par. 440 :-^ 

** Dr. Mouat states that ' although adynamic fevers may occur 
occasionally in an endemic form, they will never become con- 
tagious so long as the present conservancy arrangements be 
obtained*' Actual experience has, unfortunately, already £eilsified 
this prediction. In 1866 the fever appeared with all its former Facts with 

virulence in the Umballa jail, and caused 48 deaths out of J^S*"! to 

• _ fever in 

a strength of 698 convicts, and last year it appeared in the jaiu. 

Peshawur and Eawul Fiudee jail. Nowhere, I venture to say, 

is the dry earth system carried out to greater perfection than in 

the Puujaub jails, hut the fact remains that in spite of the most 

thorough deodorisation of exci'etay the contagiousness of jail fever 

remains unclianged,^' 

He also quotes the report of the Sanitary Commis- 
sion for Madras, which states that — 

"The expense attending anything like a system of con- Expense 
servancy upon the dry method is enormous, and even in *°jj ^^^' 
carrying it out to the extent that is now done, the greatest 
difficulty is experienced in disposing of the refuse. It ^na 
formerly depd^ited upon waste laud in several localities, but 
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Nataance these became such intolerable nuiflances that it was neoenrj 
M^ii''' to adopt other mean*." 

Presi- 
dency. It jjas been seriously proposed to bum the refuse 

matters, but now the question of employing them by 
irrigation is being considered. 

Dr. Mouat's own evidence states that *' when the 
admixture with earth is carelessly performed, or where 
Danger of the earth used contains a large amount of moisture, 
the fermentation of excrementitious matter will take 
place, and disease will be the certain and sure result" 
This objection, then, can hardly be considered to 
have all the facts against it ; in fact, in a variety of 
different ways the " cabinet inodore '* would become a 
stinking cesspool, and an especially dangerous one. 

The great practical objection which must entirely 
condemn the system, viz. that it only removes a small 
part of the refuse matter, has been discussed at length 
already {see pp. 85 to 89). We are quite content to 
accept the opinion of Colonel Ewart, quoted as follows 
by the Messrs. Girdlestone when contrasting the 
Milan and Paris methods of water-tight carts with 
the dry earth system : " That no scheme of town drain- 
age can be recommended which is dependent on 
mechanical arrangements of great complexity, and in 
Risks to which serious risks to health would be incurred if any 
fr^* de- fracture or defect were to arise in the machinery used^ 
fectiTe Qj^ ^^y Qjf tJiose failures were to happen which are ne- 
cessarily incidental in practice to such a scheme*' {The 
Dry Earth System^ p. 29) ; and we beg to submit that 
the words we have italicised are at least as applicable 
to the dry earth closets as to the improved Paris cess- 
pools, which latter do not at any rate depend, as the 
former do entirely, upon the continuous and sufficient 
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supply of an extraneous material of a particular 
quality and in a particular condition. 

Let ns finish the description of this system with 
two quotations— one from the paper of Messrs. Lawes 
aod Gilbert, already referred to (see p. 49) : — 

**Yery obTious objections to such a system are the diffioalties Obvions 
of the supply and preparation of the soil in the case of towns, or objections, 
even in the country in wet seasons ; the fact that bat little of the 
urine (containing as it does so large a proportion of the valuable 
manarial constituents of human excretal matters) would reach 
the compost so prepared; and that, in the manure produced, 
the more valuable matters would be diluted with so large a pro- 
portion of comparatively useless material, that beyond a very 
short distance the cost of carriage would be all that the manure 
was worth. On the other hand, that the adoption of such a 
Bjstem would be a great improvement in a sanitary point of a sanit^iry 
view, in the cases of sick rooms, detached houses, or eveu villages improve- 
where the water system is not available, and that it might be eeonomical 
even economical, where the earth for preparation and absorption, i^ some 
and the land for utilisation, are in close proximity, may perhaps be ^ ^ 
readily granted ; but we are certainly not so sanguine as the Rev. 
Mr. Moule, who seems to think that, with the aid of earth closet 
companies^ bis plan is as practicable for large towns as is the 
supply of water, gas, and coal at present, and much more so 
than the removal and utilisation of dilute town sewage.'' 

And the other from the First Report (vol. i. p. 50) Opinion of 
of the Rivers* Pollution Commissioners, 1868, who, poUuUoT 
having remarked on the special service and attention Sonera.* 
which these closets require, thus conclude : — 

''Add to these circumstances the enormous aggravation of all 
the difficulties of the plan, when not 50 but 50,000 households 
have to be provided with the necessary appliances and induced 
to work them properly, and we can have no hesitation in pro- 
nouncing the dry earth system, however suitable for institutions, 
villages, and camps, where personal or official regulations can be 
enforced, entirely unfitted to the circumstances of lai^e tvwns.*' 



CHAPTER V. 



WATER-CLOSETS. 



We have seen that in many towns it has been found 
advisable to connect the cesspools with the ah^eady 
existing drains. It is hardly necessary to point out 
DraiiM that drains exist, or ought to exist, in every town or 
necefisary. y^^g^ f^^ the carrying away of the surface and sub- 
soil water and refuse of various kinds. 

We have also said that by this connection of the 
cesspools with the drains the principle of a cesspool is 
entirely abolished and its use not easily seen. In 
fact, if any part of the decomposing materials from 
excrement be allowed to pass into the drains of a town, 
it is difficult to see why the whole of it should not 
Why re- be allowed to do so. By interposing a cesspool 
pools) between the privy and the drain, we form a collection 
of putrefying matter in the close vicinity of the house, 
and wdth this system the inhabitants of towns may be 
well said to be "living on a dungheap." On the 
other hand, by connecting the privy directly with the 
drain, the refuse matters pass immediately away from 
the house, and so from the town. 

It has, however, been found necessary, in order to 
ensure this passage being as quick and perfect as pos- 
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sible, that water should be thrown down the privy, in Water 
order that the refuse matter may be washed away to ensure 
at once, and so water-closets of various forms have nmorux of 
come to be established in most towns. excreta. 

In the First Report of the Health of Towns Com- 
mission (1844) special attention - is given to the 
question of the desirableness of the change of middens 
and cesspools into water-closets. Such opinions as the 
following are continually expressed by the witnesses 
examined by these Commissioners : — 

" Water-closets should be substituted, for ueceaBarieS; aud no 
accumulation of excrement allowed" " It is evident that the 
ouly complete remedy is to prevent the accumulation of manure Prevention 
in such large quantity in the immediate neighbourhood of J^^ti^'^S"" 
dwellings, bj washing it away into the sewers, that is by the refuse 
erection of water-closets in all cases where houses are built closely desirable, 
together; where great economy is important, a very simple 
form of water-closet would suffice." {First Report^ voL L p. 212.) 

Again :— 

'* The general adoption of apparatus of the nature of a water- 
closet would be an immense stride to general cleanliness, and 
would unquestionably diminish by three-fourths the pernicious Obviona 
exhalations thait emanate from all the courts, alleys, and back- ^^g^^^* 
yards of the town. It would also abolish the obnoxious employ- selt-acting 
ment of night-soil collecting, which is not only iujurious to the r®°*oval. 
health of the persons engaged in the trade, but is likewise detri- 
mental to the community at large." {First Report^ vol. i. p. 306.) 

At Liverpool, where there was a clause in the Evasion 
Sewerage Act against the connection of soil-pipes from ^fation^ 
water-closets with the public sewers, it was found to 
be constantly evaded, thus showing the importance to 
the inhabitants of that communication. The reason 
given for this prohibition was that it was a question — 

" Whether the filth and soil from water-closets being allowed 
to go into the sewers and thus pass through a great portion of 
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the town, emitting noxious BmeUs to escape from the eyes of the 
sewerR, is not more detrimental to the general health of the in- 
habitants than when it runs into cesspools upon the premises of 
the occupants, and emptied only when necessary, because the 
cesspools can be so constructed as to be perfectly air-tight, and 
prevent any eecape unless when emptied." (Second Eepodj 
ToL i. p. 146.) 

We have already seen that cesspools practically are 
never so constructed, and that their contents always 
to a certain extent escape from them into the sur- 
rounding soil and are carried away by the drains, 
and that in fact in many cases they are specially so 
constructed that their contents shall escape as freely 
as possible. We shall hereafter show that tlie sewage 
of a town supplied with middens and cesspools is 
to all intents and purposes as offensive and as noxious 
as that from a town entirely supplied with water- 
closets ; it may, indeed, be more so. 

But beside this, if the reason given above means 
anything, it means that it is more dangerous for foul 
water to pass through and away from a town, with 
some chance at any rate of no great an amount of 
decomposition taking place, than for it to remain for 
some time in cesspools under yards and houses, 
decomposing, and emitting nauseous effluvia con- 
tinually — a manifest absurdity. 

At Bristol the outside privies are connected with 
the sewers, but they are not supplied with water. 
" They are made, not with the earthenware pan and 
trap, in the rough use of which by careless folks so 
much difficulty is experienced in other towns, but 
with a stone shoot and ' eject ' communicating with a 
9-inch pipe, and the whole well set, under rules 
printed by the Local Board, and acted on in practice. 
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Certainly the stone traps or ejects often get blocked, 
but not more frequently (if so often) as under the cus- 
tomary arrangement of pan, trap, and wretched water 
supply of the poor quarters of most towns ; while the 
construction allows of articles that are improperly 
thrown into the privy being easily pulled out or flushed 
away." {Ninth Report M. 0. F. C. pp. 63, 64.) 

This shows that it will not do merely to connect 
privies with the sewers; there must be some ready 
means of flushing them from time to time. 

The prevalent form of water-closet need hardly Ordinary 
be described. It is essential that the descent-pipe doset! 
from the soil-pan should be syphon-shaped imme- 
diately under the pan, so as to prevent the passage 
of gas from the pipe into the house, and it is advisable 
that this should be still further secured by the trap of 
the pan retaining water upon it continually. 

The earthenware soil-pan should not be conical, as 
it is usually made, but the back of it should slope 
away so that it may not be soiled by the faeces above 
the level at which the "luting" water stands. 

As to the apparatus for flushing the pan, the Fioshmg 
ordinary "pull-up" plan answers capitally with care- *pp*™'*''- 
ful people, as the valve in the cistern is not liable to 
get displaced ; but a very common fault is, that the 
entrance of the water into the pan is badly directed, 
so that it does not whirl round the pan as it should 
do to clean it thoroughly. 

Closets should always be ventilated as far as 
possible separately from the rest of the house. The 
plan of having them close to the entrance to the 
garden or yard, and vnth a door which shuts them 
off entirely from the hall, is an excellent one ; and 
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wherever two doors can be interposed between them 
and the rest of the house, it is advisable that thev 
should be, and that the space between them should 
have a window left generally open ; by this means 
air from outside enters easily, and should be allowed 
an exit by the closet window, or preferably by a 

Ventiia- ventilator in the roof. McKinneirs is an excellent 
one for this purpose, as it provides an easy exit for 
air as well as an entrance. It is not enough to have 
an opening by which air can go out ; it is also neces- 
sary to see that it does go out by it, and that its 
exit is not, as is too often the case, from the closet 
into the staircase of the house. 

In blocks of dwellings for the poor, *' model lodging- 
houses," &c., the closets, sculleries, &c. should all be 
ventilated from the galleries, and should wherever 
practicable be entirely separated from the dwelling 

Good plan. Tooms by an open gallery. An excellent arrangement, 
which should be more generally adopted, is to have a 
pipe running from the upper part of the descent-pipe, 
and carried up above the roof of the house ; in this way 
any foul air that may be driven past the syphon at the 
lower end of the descent-pipe will not be able to force 
the upper syphon, an easy exit being provided for it 
through the open ventilation-pipe. It is, however, essen- 
tial that this latter should not be used as the waste- 
pipe of the rain-water cistern, or during a heavy shower 
it will be blocked up, and, the drain-sewers being per- 
haps overcharged, sewer gases will be forced up into 
the water-closet, and the consequences may be disas- 
trous, as indeed was the case at Croydon. {See p. 173.) 

When In hospitals, &c., which are warmed and ventilated 

artifim. j^^ special artificial means, it is very easy to ensure 
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perfectly separate ventilation for the closets just as 
for fever wards. 

Urinals should be lined with slabs of smooth slate, 
or, if circular, with hard stoneware : they should not 
be placed in unsightly blocks at long distances apart, 
but should be in small clusters or singly at more 
frequent intervals. That they can be kept perpetually unnaU : 
perfectly clean and inodorous is shown by those in flo^^f^' 
Paris and other large French towns ; but to this end it ^**®'"- 
is necessary that water should trickle down them 
continually \ no great amount of water is wasted in 
this way, and rain water could often be collected for 
the purpose. That urinals cannot possibly be kept 
clean without a small but constant flow of water is 
amply proved in London, where the state of the public 
uriuals is most disgusting, and a disgrace to the 
authorities who have the care of them. 

SUPPLY OF WATER. 

It must at once be premised that soil-pans and 
house-drains cannot be kept in an efficient state of 
cleanUness by merely throwing slops and waste water 
down them. Some sort of regular supply of water is Regular 
absolutely necessary. This supply may come directly necebairy 
from the water mains, or may be given from a cistern 
in close proximity to the water-closet; and, again, the 
closet may be supplied mainly, if not entirely, from a 
raiu-water cistern — a plan which has hitherto not 
received sufficient attention. 

In the East TiOndon Water Bills Report of 1867, 
Mr. James Simpson gave evidence that self-acting 
water-closets are very economical as to the water; seif-aciing 
the self-acting apparatus being connected either with ^^ppa'^^^s. 
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the seat or, more preferably, with the door of tbe 
closet : in the one case it is the weight of the iiidi- 
vidual which moves the contrivance causing the water 
to rush into the pan when he rises, and in the other 
the opening and shutting of the door. It is plain that 
with the latter plan waste cannot be entirely prevented, 
because if people choose they can prop the door open 
continually. This, however, cannot be done from 
mere carelessness, and if the state of the closet be 
such as to require flushing for a considerable time, 
it can scarcely be said that the water is wasted. 

Mr. Bateman was of opinion that the amount of 

water can be easily regulated by a " tcaste preventerl' 

a contrivance limiting the amount of water that can 

Improper ruu through the closet supply-pipe. The opinion 

cauBe * seems to be that waste is generally due to improper 

^^^' apparatus. Whenever the closet was supplied by a 

tap directly from the main, the waste was invariably 

enormous, from people leaving the tap open and the 

water running, from sheer carelessness ; and also under 

Connec- this plan, when the water in the service main has to be 

water-pipe drawn off for repairs, the result has been, in Liverpool, 

with^cioset tli^* "*^ vacuum has been created, and the soil has 

P*°- been sucked back through the supply-pipe into the 

service mahi, and so carried on, and has contaminated 

the water of a whole district." This happened in cases 

where the service-pipe from the main was connected 

di/recUy with the %oil'pan of the water-closet. 

Mr. Rawlinson considers that " waste preventers" 

are useless, and ultimately become a nuisance. He 

Supply by suggcsts that in the poor districts of towns, fifty or 

tera!.^'" one hundred gallon cisterns should be constructed, a 

pipe passing from such a cistern to the inside of 
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several houses, and each tenant being allowed to take 
as much as he wants. 

The constant system of water supply is agreed on 
almost all hands to be infinitely superior to the inter- 
mittent, as the necessity for cisterns is thus entirely 
dispensed with. The waste alleged as a fault of that 
system is to a great extent, if not entirely, prevented 
by the taps being placed in the interior of houses in- Service- 
stead of outside them, and the pipes which supply the wa^r- 
water-closets may be provided with a small service- ^^°®®^"* 
box into which water flows. 

fiut, after all, the great cause of waste is want of 
supervision. " A system of water supply, whether inter- Supervi- 
niittent or constant, necessitates a constant and careful 
supervision.'* 

Among the disadvantages of the constant system, it 
is stated that in Salisbury the supply sometimes runs supply 
sliort in the highest parts of the town while it is being ^o'tuIT 
wasted in the lower parts. But here in the poor tene- pj^f Jjf ^f 
inents there is no self-closing apparatus, the water *o^«»- 
waste preventers having been tried, but abandoned, 
because it was found that they froze in the winter. 

At Penrith, houses in the poorer parts of the towns Ontwd© 
had outside taps which were found to conduce yearly ^^ 
to waste. They have since for the most part been 
changed for inside ones. 

It is obvious that when taps are in the interior 
of houses the water cannot be left running without 
serious inconvenience to the inhabitants, and such 
carelessness is less likely to occur. 

In the Reports of the Medical Officer of the Privy 
Council we find examples of the various methods of MethodRof 
flushing water-closets. Thus at Banbury the out-door ^ *"*" 
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closets are not connected with the water mains, but 
merely cleansed by a bucket of water being thrown 
down them. These answer very well, and they are 
not choked up, even when misused by dirty people. 

It is to be remarked, however, that they are out of 

doors. The others that are indoors are connected 

with the mains by means of cisterns, and nearly half 

of the supply is said to be wasted. 

Service- At Dover the same is the case, but service-boxes 

****** are being gradually introduced. 

At Penzance the supply is direct from the main, 
with a self-acting valve on the pipe. There is no great 
waste. 

At Ely it was found that the constant system did 
Waatc. not give a sufficient flushing power, so that a great 
amount of water was wasted, as it was left running 
continually. 

At some places, as at Penrith, water-closets are 
forbidden to be constructed unless provided with 
cesspools. At Brynmawr there are water-closets in 
the poorest houses, and they communicate directly 
with the sewers. There is no cistern or service-box, 
and at first self-acting valves were provided, but they 
Screw ups. soou got out of order; now, common screw taps are 
used, and it is found that there is not much wast^^ 
placards being placed on the doors inculcating care. 
The flushing power is, however, not suflScient for the 
closets at the higher part of the town, and this is 
a fault very general with the constant system cf 
water supply when cisterns are not provided for 
the closets. 

At Ashby-de-la-Zouch the water-closets are supplied 
by a service-box. These boxes are found to act well 
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even among dirty people, but frost injures them, and Fault of 
so has prevented their becoming universal. box. 

Dr. Syson has proposed, at Salford, to apply the 
water of the river for the purposes of vrater-closets 
" by a mere scheme of storage-reservoirs higher up." 
We are of opinion that the rain-water falling on each u§e of 
house might be utilised in this way during the greater 1^ w^ter. 
part of the year, being only supplemented by water 
from the mains when the rain-water storage-cistern, 
which might often be of considerable size, ran dry. 

The advantages, then, of a constant service at high Advan- 
pressure are — that the water is always fresh from the tJ^n'. 
main, and that the pollution of it in cisterns is avoided ^^ 
— this last advantage being exceedingly great in the 
poorer classes of houses, where the cisterns are con- 
tinually allowed to get into an exceedingly filthy state; 
tiiat there is always a supply of water; and that the 
mains are charged in the case of fire. 

The disadvantages are — the leakage of the fittings i>iBad?an. 
and the weakness of the lead pipes (that is to say, of ***^ 
the lead pipes originally laid for the intermittent 
system) ; the fact that the increased consumption of 
water in the early part of the day requires an increased 
pumping power; and the points that have been already 
alluded to, namely, that the waste at low levels reduces 
the pressure in the mcdns to such an extent that the 
higher levels cease to be supplied, and that during 
the repair of the mains the whole district would have 
to be deprived of water. 

It is probable that, in most easel of constant 
supply, the water-closets, at any rate at the higher astema: 
levels of the town, would have to be supplied by neaaHaiy. 
cisterns, as the flushing power from the mains in 
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those parts would probably of itself not be sof- 
ficient. 

On the intermittent system the water most be kept 
in cisterns, and, where cisterns are not supplied, as in 
many of the poor districts of towns, in tubs, bntts, 
and so forth, in which it becomes foul and unfit to 
drink ; and a special cistern has to be provided for 
the water-closet. 

The Royal C!ommissioners on Water Supply (from 
whose Report this information is chiefly derived), found 
WftBte lesB that the waste of water is much less under the con- 
ItUt^^ stant system, although the actual use of it is greater, 
ijrsiem. g^^ these are not the only advantages. The water 

is purer and fresher, and at a lower temperature in 
summer, and it is less subject to frost in winter ; and 
as to the disadvantages, the inconvenience from inter- 
AdditioDAi ruption during repairs is never actually experienced, 
2^" as the interruption need only be for a few hours in 
any case. On the other hand, the interruptions from 
neglect of turncocks, limitation of quantity, leaky taps 
and cisterns, and so forth, are absent in the constant 
Economy system. The economy in pipes, &c., is obviously 
t^r^ great. The pipes are smaller and are made much 
^"^ stronger, so that practically there is less bursting, while 
cisterns are not required at all. Where cisterns 
already exist, however, they have often been retained 
on the constant system. 

From the Report on the East London Water Bills, 

we find that where the intermittent supply has been 

changed to the constant, there has been an enormous 

waste of water, chiefly from carelessness. 

Precaution It is recommended that in frosty weather the water 

fro^ should be turned off from the house by the tum-oock 
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and that the water actually in the pipes should be run 
away from the lowest tap (water-pipes do not often 
freeze underground); and that the tap should be 
placed so that the water cannot run away to waste 
without producing inconvenience, and that for waterr 
closets special arrangement must be made so that the 
water cannot run continually. Mr. Hawkesley says Position 
that " it is a question of the size of the pipes," and ^ ^^' 
that when a constant supply is well managed the waste 
is less. 

Inspection, however, is always necessary. 

It is stated that at Norwich the consumption has Besnitof 
descended from forty gallons a head to fifteen, since ^ ^^^ 
the fittings have been inspected. 

When the cisterns are not removed their waste- 
pipes must be cut off, or the water will frequently be 
allowed to run into them. 

The water-closets may be supplied from .the cistern Double 
by means of a double valve, so arranged that when one ^^^^ 
valve is open the other is necessarily shut. 

In Mr. Easton's evidence a contrivance is described 
which consists of an air-vessel into which the water runs 
directly from the main, and so compresses the air above 
it. When the handle of the closet is lifted up, the water 
in the vessel is thrown out by this compressed air. 
Bnt the arrangement is such that no more can come 
from the main into the air-vessel until the handle is 
let down again, so that it cannot possibly be caused Air-box. 
to run continually. It may be so managed that the 
vessel takes a considerable time to fill, so that even by 
pulling the handle up and down no great waste can 
be effected. 

The Commissioners are of opinion that '^ the use of 

I2 
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cisterns for the purpose of storing water for consump- 
tion is probably a more fertile cause of impurity than 
any pollution of the river from which the water is 
drawn;" and Mr. Rawlinson remarks that "the water 
that the poor people get is contaminated so far as 
water can be contaminated/' {Loe. cit. qu. 3,695.) 

The Health of Towns Commissioners considered 
the question of a constant water supply very fully, 
and showed that if it were adopted — 

^'The use of water-batts and water-tanks maj be entire! j 
dispensed with, and water may be distributed into every 
room fresh from the general reservoir or filter, at an ezpenf« 
not exceeding l|d a week; that for the cesspool, a cleansing 
apparatus, or soil-pan with water, of the nature of a water- 
closet, and the requisite drains, may be substituted at an ex- 
pense of not more than l^d. a week, and all refuse be instantly 
removed in water throagh impermeable pipes; so that the 
foundation of the house need not be saturated with decom- 
posing matter, and none need remain on the premises to give 
oflf effluvia." {First KepoH, vol L p. 109.) 

It is there stated that the Trent Water Company 
has always maintained the supply constant by night 
and day— 

*^ Except during a period of one month, when for the purpose 
of experiment the water was shut off at ten in the evening, ani 
turned on again at five in the morning. It was then ascertained 
that it would be less expensive to pump water than to maintain 
an extra establishment of servants and workmen to open, shut* 
and repair the valves, to draw the fire-plugs for the more 
frequent cleansing of the pipes, to attend to complaints of 
deficiency and inconvenience, and to make the inspections 
necessary to prevent advantage being taken of the absence of 
the water to attach communication pipes without the Company's 
consent or knowledge." (First Beport, vol. i. p. 327.) 

They also came to the conclusion, that by the 
arrangement of keeping the pipes constantly full, 
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dispensing with the necessity of tanks, ballcocks, Totcnanu. 
branch pipes, and so forth, more than half the tenant's 
expenses, and more than one-third of the total expense 
of introducing water into houses, were got rid of. 



CAUSES OP FAILURE OF WATER-CLOSETS. 

It is plain that water-closets are no more likely to 
be free from nuisance than any of the other contri- 
vances before described, if they are not properly takeu 
care of. Their very principle requires that they 
should be supplied with sufficient water^ at a sufficient conditions 
flushing power; and it is universally acknowledged to *^®^^^^^>- 
be advisable that in closets frequented by great 
numbers of people, as in schools, railway stations, 
hospitals, and so forth, the method of supplying the 
water to the pan should be self-acting, and that in the 
poorer districts of the towns this should also univer- 
sally be the case. Wherever water-closets have been 
found a nuisance, these conditions have invariably 
been flagrantly violated ; thus, in HuU, it was found 
that water-closets, when used by several fkmilies, were 
objected to as being *^ everlastingly a nuisance/' 

In Nottingham the water-closet fails in the poor 
quarters, and, as we have already seen, pail-closets 
have been substituted for it; the reason of this is 
that, as in all other such cases, there has been a want violations 
of any sort of supervision, and moreover a wrong kind ®^ ^^^ 
of closet. 

At Edinburgh, where pail-closets are so much 
used, water-closets were tried in the lodging-houses, 
but were found to be much befouled. When limited 
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to one, two, or three families, and kept locked, they 
worked satisfactorily. 

The same effects were experienced at Glasgow. 
In the poor parts of all towns, water-closets, espe- 
cially when frequented by several families, will be found 
to fail unless they are, at any rate to a slight extent, 
under the control of an authoritative supervision. It 
UnhXr IS uot fair to compare water-closets which have not 
SSr'- been placed under any pretence of supervision with 
other forms of closet which have been minutely and 
constantly looked after by appointed persons. 

In Dr. Buchanan's Report on the working of the 
earth closet system, it is stated that at Lancaster 
Grammar School the water-closets always got out of 
order, from things being put* into them and from the 
apparatus being broken, showing that the apparatus 
itself was not of that simple and self-acting character 
which we have already insisted on as being necessary 
in all large establishments.^ 
Ordinaiy The ordinary water-closet is obviously quite unsuited 
»u™biefor f^^ carclcss and wantonly mischievous people. The pans 
^\T 8^* broken, the traps choked up, the water is left run- 
ning on continually from the tap, or the tap is broken 
and leaks wastefully ; in frosty weather there is no wat^r, 
and the consequence is that the closets become filthy 
and stinking, and are cleaned out only once in several 
Merely days;^ while closets which are well cared for, even in 
or2i"^ the same quarters, and which are not frequented by 
too many families, are found in good condition without 
waste of w^ater, and very rarely injured by frost. 

1 The W.C.'s stiU left, " which have aU their apparatus broken, are 
now cleaned by buckets, and are found free from smelL" {Twelfth 
Eeporl M. O. F. C. p. 83.) 



care. 
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In Carlisle, " water-closets are universal and kept in 
good order, Macfarlane's especially being found ad- 
mirably suited to the wants of poor neighbourhoods/' 
{Ninth Report, M. 0. P. C. p. 108.) 

SIMPLER FORMS OP WATER-CLOSET. — COSTS. 

The Krst Report, already referred to, of the Health 
of Towns Commission, has afforded us some very valu- 
able evidence with regard to the possibility of con- 
structing water-closets at a sufficiently cheap rate Cheap 
in poor neighbourhoods, and several simple forms of 
apparatus are described in this Report. 

'< A pan with a perpendicular pipe leading into the drain, 
through which the waste water from the house and roof would 
flow, would be sufficient. The present necessaries might be con- 
verted into such water-closets at an expense of £5 or <£6 each, 
and the tenants would yery gladly pay a small additional rent 
to be free from the annoyance and injury the present arrange- 
ment produces; while the landlords would find it their interest increase of 
to incur some expense to avoid the injury which their pro- ^**«® of 
perty now suffers from liquid filtering through to the founda- P'^P®'*^' 
tionsof the houses." {First Report, vol. i. p. 212.) 

This would seem to be rather a high estimate, as 
the calculation for erecting a cheap water-closet in 
Ashton-undcr-Lyne gives it at £1 13*. 5d. for a closet 
on the ground floor, and an additional charge of 12*. 
for fitting up one on the chamber story. This includes 
a strong fire-clay water-closet basin, with a proper Constmc- 
fitting socket joint; a strong fire-clay S-shaped soil- ^^^ 
pipe, 4 yards of fire-clay water-pipe, all to be glazed 
and smooth inside ; 5 yards of ^-inch patent lead 
Bervice-pipe ; one water tap, and all the necessary 
fittings. The remark is made that the *' fire-clay 
pipes mentioned above are fin. in thickness, exceed- 
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ingly strong in texture, and by no means brittle fike 
earthenware/' (^iV*^ Report, vol. i. pp. 306-7.) 
Kateriab. ^^ *^® second volume of this Report there are some 
plates with descriptions of very simple forms of closets, 
consisting of a soil-pan and a syphon pipe or simple 
trap placed at the jmiction of this with the house- 
drain. The soil-pipe is made of cast-iron, the disad- 
vantage of which is that it corrodes after a time, and 
the filth is then apt to adhere to it ; or of earthenware, 
which answers the purpose better. The seat of the 
closet is slung on hinges to a wooden frame, so that 
it may be lifted and vessels emptied into the soil- 
pan without wetting or dirtying the seat. The 
expense of this apparatus is stated to be from 25«. 
to 30^., including the price of fixing. This is sup- 
posing that a great number were required. If a water- 
pipe and tap were added, it would perhaps cost about 
15*. more. {First Beporty vol. ii. pp. 315-16.) 

Again : Mr. Thorp gave evidence that he had con- 
structed water-closets for the Hull gaol^ with an iron 
Yeiycheap soil-pan of about 10 inches in diameter and a pipe 
foinL q£ g. inches, the pan and pipe being joined together 
by a bell-end, run in with lead, and the pipe being 
S-shaped. He says that " if numbers were made they 
might be made at low prices, less than £1 each/' 
and that *^ this same kind of closet made of earthen- 
ware may be fixed at about 8«. each." He adds :— 

^' It is quite sufficient to prevent any smell coming into the 
room from the drain, and it passes the soil and eyeiything well, 
although there is no regular supply of water, and only sach 
Soil-pan water is used as may be put in from time to time, the soil-pui 
^^ ^ being in fact used as a sink. But it would be a proper improre- 
ment to have regular supplies of water, and then the apparatus 
would work completely." (First Report, vol. ii p. 333.) 
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Its cost adds l^d. to the weekly rental, or 2^d. in- 
cluding cost of water (Nottingham) : '' less than half the 
existing charge of the present noxious system " (p. 319). 

In the East London Water Bills Report it is stated 
that the cost of a pan and syphon tap was 38^. with 
6*. or 7*. for fixing, but that if the pan already existed q^^^ 
the cost was only 37*. altogether. The double valve estimates, 
cistern is stated to be the cheaper plan. 

In Liverpool every syphon water-closet ordered 
costs £3 10*. {Tio€lflhBeport,M.O.P.a; Appendix, 
p. 120.) 

TROUGH AND TUMBLER WATER-CLOSETS. 

The ordinary form of water-closet having as a gene- 
ral rule failed in the poorer neighbourhoods of large 
towns, from the too complicated character of the con- 
trivances for flushing the pan, and their easy acciden- 
tal and wilful destruction, and also on the other hand 
from the entire want of all authoritative supervision, 
several devices have been proposed by which the piansfor 
water-closet system can be successfully introduced ^ho^' 
into such neighbourhoods. 

To several of these contrivances we have already 
alluded in the simpler forms of the ordinary water- 
closet, but to some others which seem especially suited 
for large collections of persons in back streets, courts^ 
and so forth, a special allusion must be made. 

What are called trough water-closets have been 
erected in Liverpool, West Derby, Warrington (one 
as a trial), and perhaps other towns ; they may be 
briefly described as follows (see Tuoelfih lieport, 
M. 0. P. C; Appendix, p. 120) : — 

A long trough is placed below and behind the seats 
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Trough of a series of closets. At the one end is a com- 
inunication with a drain leading into the sewer. This 
opening is closed by a phig connected with an iron 
rod, by which it can be raised or lowered into the 
drain mouth by the scavenger. Behind the back wall 
of the water-doset is a small chamber to which the 
scavenger only has access, and it is from this chamber 
alone that the plug can be interfered with. The 
scavenger comes daily, lifts up the plug, lets the con- 
Scaren- tents of the inclined trough run into the sewer, 
washes out the trough with hose which is placed in 
the chamber for the purpose and which is connected 
with a hydrant, sweeps it clean, charges the trough 
with water^ lets down the plug into the drain mouth, 
and leaves it for twenty-four hours. The closets them- 
selves are cleaned by the users in rotation, and an 
inspector calls every two or three days to see that it 
is done. If it is not done properly the offenders are 
Penalty for summoned, and some have been sent to prison for the 
ingcim^t offence. The ashes and other refuse are put into the 
^^^ street and carted away daily by the scavengers. 

The cost of these trough closets is £5 10^. for a 
sinde one, and £7 10s* for a double one. 

Dr. Syson, the Medical Officer of Health for Salford, 
says, as his reason for having '^a strong prejudice 
against trough water-closets" : — " We had one at a 
school where I was, and I may say that it was a 

Adverse frightful place, and there is one at the workhouse 
opinion. ^^^ Yj^^^^^ J j^^^^ ^^^^ 1^ jj.^ ^jj J -^ smells ; it wants 

emptying frequently to keep it sweet." {First Report 
a. P. C. 1868, vol. iL p. 189.) 

This one, although emptied every twenty-four hours, 
must have been badly managed in some way: at 
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any rate we have sufficient evidence as to the great 
sanitary boon that, these closets have been to the poor 
districts of Liverpool (see p. 175) to warrant us in 
considering this as an exceptional case ; Dr. Buchanan Favourable 
and Mr. Radcliffe say : — ** Nothing could be more 
admirable than the working of the Liverpool arrange- 
ment, and nothing could be more marked than the 
difference between them and what are called water- 
closets in the poor neighbourhoods of London and 
other large towns." * 

Another contrivance of a similar sort, but entirely 
self-acting, known as the "Tumbler'' closet, has been T«mbicr 
introduced into Leeds, Birkenhead, and Tranmere. 
In this there is also a trough running under the 
privy-seats and made of tile ; the water trickles into 
a swinging basin at the upper end, which is so con- Qnantitjr 
structed that it capsizes when full and washes out the 
contents of the trough into the drain; it can be 
arranged so as to capsize at any interval that may be 
thought advisable. ''For a tumbler closet one-and- 
a-half gallons, and for the ordinary syphon or pan 
closet two gallons a head per twenty-four hours,'' are 
required. These closets are found to keep very clean, 
"to require fewer repairs and less attention than the 
syphon or pan closets," and to be unaffected by 
frost.* 

By these simple contrivances it is found that the 
water-closet system may be managed so as to be 
"entirely applicable to the circumstances of the most 
ignorant and most careless population ;" the only Conditions 
necessary addition being that, as in any other arrange- ^rfect*^ 

■access. 
^ See Twelfth Report M. 0. P. C. Appendix, p. 139. 
' Pint Report, R. P. C. 1868, yoL iL p. 251. 
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ments, the management be entirely undertaken by the 
Bcavengers of the sanitary authority. 

" Where these conditions are observed as thoroughly 
as they are observed in parts of Liverpool, we believe 
that water-closets are the best means of removing 
excremental matters from the poor neighbourhoods 
of a town." ' 

It will be at once observed that in each of these 
cases the scavenging arrangements need not be any- 
thing like so complicated as they must necessarily be 
with any of the other systems that we have already 
Noouting considered. There is no removal or carting away of 
^^^br the excremental matters in any form, the scavenger has 
•■"^ merely to visit the place to see that all is going on 
right, and in the case of the trough closets to empty 
the contents of the trough down the drain. The 
ashes of course have to be collected separately, just as 
in all other parts of the town. 

In the various Reports on this subject, one con- 
tinually meets with the statement that in a certain town 
there are only a few water-closets, and these always b 
Watereio- *^^ ^^^^ houses. From this we see that the persons 
■^i^'lTiKf who are best off, and who are, as a rule, cleanest in 

adopted b; ' ' ' 

ci«Mi their habits, have invariably adopted the water-closet 
system in preference to any of the older ones. It is 
found, when properly managed, as every one very well 
knows, to be in no way a nuisance ; on the contrary, 
by it all the excremental matters, together with alt 
the slops and liquid house refuse, are immediately 
carried away, out of and far from the house and the 
neighbourhood, and by a simple trap, or syphon, the 
entrance of foul gases from the drain into the house 

' Twelfth Report, M. 0. P. C. Appendix, p. 140. 
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is, to all intents and purposes, entirely prevented. 
If, then, the lower classes of people do not manage 
water-closets as they should be managed^ it is plainly 
not the fault of the system, but the want of a due 
regard to cleanliness on the part of the users ; and 
until they can be taught to manage them themselves, 
the only way to get out of the difficulty is to have 
them managed for them. 

What we have wished to point out is, that instead 
of destroying the water-closet system, as introduced 
into the neighbourhoods to which we have just re- 
ferred, it might undoubtedly be made to anwer per- 
.fectly every sanitary requisition by a tithe of the Necessity 
supervision and incomparably less scavenging work t^^^l} 
than is universally acknowledged to be absolutely JJ^^'J^ 
necessary in all other forms of excremental removal. *»y o**»cr 

•^ , . system. 

In fact, we must agree with Dr. Syson, who said 
before the Rivers' Pollution Commissioners, " where a 
water-closet is mechanically perfect, I look upon it 
that it is perfect in theory ; but I find from experience 
that water-closets, and the drains connected with them, Tme rea- 
are laid out so badly, that they themselves are apt ^^re, 
to become a source of annoyance and discomfort." ^^^^ 
{Pirat Report B. P. C. 1868, vol. ii. p. 189.) 

5b that it is not the fact of their being water^ 
doaets^ but tlie fact of their being badly constructed or 
not looked after ^ that makes them a nuisance wherever 
lliey are so. 

The great improvement in the sanitary condition 
of towns into which the water-closet system has been 
introduced, will be described in another place. 



CHAPTER VI. 



SEWERAGE. 



Original Thr Original idea of a sewer was that it was a large 
gewer. drain to carry off the rain-fall and subsoil water of 
a town, and it was only secondary considerations that 
pointed out the convenience of making this dr$dn a 
receptacle for liquid refuse matters also. That the 
Cloaca Maxima of Rome was built with the first-named 
intention, we see from the account of it given by Livy :' 
*^ Et infima urbis loca circum Forum, aliasque inter- 
jectas collibus convalles, quia ex planis locis haud 
facile evehebant aquas, cloacis e fastigio in Tiberim 
ductis siccat ; " but that it was used for the secondary 
SecondwT purpose which we have just mentioned, and with which 
we have especially and indeed almost exclusively to do, 
we see from the statement : '' Cloacamque maximam 
receptaculum omnium purgamentorum urbis, sub 
terram agendam/'* Smaller sewers were made which 
either opened directly into the Tiber or into the Cloaca 
Maxima itself, and which ^'ramified through all 
Rome/'' Pliny calls these cloaca " operum omniom 
dictu maximum."^ 

* livy, L 38w " ^^^> *• ^^ ' Smith's Ancient History, yoL iL p. 193< 

* Puny, Hist Nat xxxvL c. 15, s. 24. 
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From the time when Tai-quinius commenced this 
grand work down to the present day, it has been found 
necessary to provide sewers for towns, no matter in 
what way the actual excrementitious matters are 
dealt with, and as a general rule they have been built cioaca 
more or less on the Boman plan. This we do not X^^* 
wonder at, since the durability of these works is shown 
in the fact that the great prototype which we have 
above mentioned has lasted almost entirely unhurt for 
twenty-four centuries, and still continues to perform 
its original functions of drain-sewer. The city which 
at present exemplifies in the most complete manner 
an enlarged and improved form of this system is 
perhaps Paris, underneath the principal streets of which 
not merely sewers but subways are constructed, with 
tbe tributary mains named and the house-pipes num- immenae 
bcred. The London main-sewers vary from 4 feet in drain- 
diameter to 9 ft. 6 in. by 12 ft. in some cases; the "*''*"• 
three northern outfall sewers are each 9 ft, by 9 ft. (with 
vertical sides), the southern outfall sewer 11 ft. 6 in. 
in diameter. Such an enormous size as this is found 
requisite not for the actual amount of foul water which 
generally does pass down the sewers, but, as Parent Reaaon. 
Duchatelet points out, for that which it impossible 
that the sewer may be required to contain under 
certauj circumstances, especially during heavy rains. 
Neither the existence of such sewers nor their size in 
any way depends upon the amount of excrementitious 
matter that is received into them. The sewers we have 
mentioned were all constructed for towns in which the 
solid part of the excrement and a certain proportion Excrement 
of the liquid were carefully kept away from them, of them; 
that being considered to be the part most valuable as 
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manure. In Paris this is especially the case, as we 
have already pointed out, by the general prevalence 
of the system of *^f oases permanentes^* and "/o««f» 
mobiles'* In London, too, this was the case when 
the privy system was in vogue, and of other towns 
the same remark may be made. 

"Up to about the year 1815, it was penal to dbcbarge 
sewage or other ofiensiYe matters into the sewers: oenpools 
were regarded as the proper receptacles for house drainage, and 
sewers as the legitimate channels for carrying off the sorfiice 
waters only. Afterwards it became permissive, and in the year 
1847 the first Act was obtained making it compulsory to drain 
houses into sewers." (Bazalgette, Main Drainage of London^ p. 5.) 

In Rome, certainly, the greater part of the excre- 
mentitions matters were collected in enormous under- 
ground pits, vrhich have been lately discovered bv 
Mr. Parker, so that in no case were these sewers 
Bat eon- constructed for the removal of excreraentitious 
terns BtiU ^qHqy. It does not by any means follow fix)m this 
that the water they conveyed was to any notable 
extent less impure or less offensive than the contents 
of sewers into which the whole of the refuse matter of 
all sorts is received. This was perfectly well pointed 
out by Parent Duchatelet, in his remarkable memoir 
on the sewers of Paris, published in 1836. He there 
Same rules Considers that the identity between the sewers and 
asforcew- ^j^^ ^^osses" has been completely proved, and he 
rightly argues, that sewers, even under the conditions 
found in Paris, require to be constructed with the 
same precautions as the *^ fosses" themselves; in 
fact, any one who has examined the sewers of Paris, 
Lyons, or any other town where the cesspool system 
is as efficiently and thoroughly carried out as it can 
be, knows perfectly well that the sewage is just as 
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foul, just as ofiFensive in every way, as it is in the Recent 
most thoroughly water-closeted town. But we have uonofthu 
had lately some important evidence on this point, ^^^^ 
in the First Report of the Rivers' Pollution Com- 
missioners. It is there shown, that there is " a remark- 
able similarity of composition between the sewage of 
midden towns and that of water-closet towns. The 
proportion of putrescible organic matter in solution 
in the former is but slightly less than in the latter ; 
whilst the organic matter in suspension is somewhat 
greater in midden than in water-closet sewage. For Water-do- 
agricultund purposes, ten tons of average water-closet ^ pri^^ 
sewage may, in round numbers, be taken to be equal *®**^ 
to twelve tons of average privy sewage." It is also 
shown that more persons contribute to a given volume 
of sewage in midden towns than in water-closet towns, 
because it is found that the proportion of chlorine is 
greater in the sewage of the former towns than in that 
of the latter, and the cause of this difference " is obvi- Latter bo 
oosly to be sought for in the somewhat increased quan- ^^ i^^ 
tity of water needed by and supplied to" the water-closet ^^^ ^^^^ 
towns. {First Beport B. P. C. 1868, vol. i. p. 29.) 

We must remark, however, that although .there 
can be no doubt as to the truth of the general fact 
above stated, yet it may be questioned whether the 
similarity between these two sorts of sewage is as 
great as is here indicated. It would not appear that 
the samples, of which the analyses above referred to 
were made, were really average samples, that is to say, Average 
procured by taking samples at frequent intervals during ^™p^®*- 
a period of twenty-four hours, arid mixing them in the 
proportion indicated by gauging at the time each 
mwple was ta&en, a source of error pointed out to us 
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by Mr. Thornhill Harrison. However, the exact re- 
sults may be ascertained by future researches ; what 
cannot be denied is " that the very large collection of 
feeble manure from the several towns .... does 

really very little, to save the rivers Bolton 

receives its river water virtually clean, and hands 
it on in an extremely foul and oflTensive con- 
dition. Rochdale fouls the Roch and Spodden, 
and Bury makes a most obvious addition to the filth 
of both the Roch and Irwell passing by it. Over 
Darwen adds most oflTensively to the pollution of its 
stream, and the Blake water is entirely converted 
into sewage by the town of Blackburn. The Irwell 
and Irk and Medlock come down already very foul, 
but the quantity of filth they bring is enormously in- 
creased as they pass through Manchester and Salford " 
(p. 36) ; and from their researches these Commis- 
sioners were led to conclude that " retention of the 
solid excrement in middens is not therefore attended 
with any considerable diminution in the strength of 
the sewage, although the volume, even in manufac- 
turing towns, is somewhat reduced ; neither is the 
case substantially different where earth closets are sub- 
stituted for the Lancashire midden, for the sewage 
from Broadmoor Lunatic Asylum, in which these 
closets are partially used, exhibits no exceptional 
degree of weakness It seems hopeless there- 
fore to anticipate any substantial reduction of sewage 
' pollution by dealing with solid excrementitious matters 
only'' (p. 30). Thus, then, we see that in every case the 
Drains act sewers uot Only act a^ drains, but remove an immense 
under any quantity of Tcfuse matter, and that therefore Parent 
Duchatelet's conclusion, that they must be considered 
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as elongated cesspools, was a correct one. We have seen 
how it is necessary to construct cesspools ; that the 
one great condition is that they should be impervious, 
in order that their contents may not soak through 
into the surrounding soil, poisoning the wells and 
giving off foul emanations into the air. This, there- 
fore, is a conclusion which has also been come to in 
the case of sewers: they must be made imvervioua, Most be 
and to this end, in Paris, following up the recom- Xul' 
meudations of the renowned hygienist whose name 
we have just mentioned, they are lined throughout 
with impervious cement ; and even as a regommenda- 
tion for ordinary brick sewers, one witness before the 
Health of Towns Commission stated* that when pro-^ 
perly constructed, and with good stone-lime and river 
sand cement, they become water-tight after a time. 
But here we stumble upon a dilemma: we have 
pointed out that the original object of the sewers 
was to carry off the rain and subsoil waters, that is 
to say, to act as drains. Now drains, in order to be 
efficient, must be pervious, must allow the subsoil water 
to get into them as easily as possible. "A drain,'' What a 
says Mr. Bailey Denton, " is intended to draw out of ™^ **• 
the land through which it passes, the wetness that is 
in it, and to exhaust that wetness as far as capillary 
attraction and natural retentiveness will permit." 
(Letter to the TimeBy October 28th, 1869.) But now 
we find that, through the introduction into them of 
refuse matter of towns, in all cases it is decidedly 
advisable to have them impervious ; in fact, we require "Rednctio 
to make them pervious and impervious at the same dum."'*' 
time, — an obvious impossibility. But it may be alleged 
tliat as a general rule there will be no risk of the 

K 2 
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foul water percolating through the sewers into the 
surrounding soil. It is perfectly true that where the 
incline is sufficient and the sewers well constructed and 
without any chance of obstruction, there will certainly 
not be any great risk of this taking place; but where the 
ground is flat, so that sufficient incline cannot well be 
Fercoia- givcu to the scwcrs — as is the case in Paris for the most 
io^er."' ^^ part— or where there is any chance of the backing 
up of the sewage from the outfall, either because this 
is — as at Cambridge, for instance — under water, or 
because the tide rises into it, as in many seaboard 
towns, it is certain that such percolation does take 
place to a very great extent. The well-water at 
Cambridge contains for the most part a good deal of 
faecal impurity, which would appear to arise mainly 
from this percolation from the sewers. 
Ultimate Thus we sce that constructions v^hich ought to be 
de*tina-^' mainly regarded as drains have come to be especially 
*^o«^ looked upon as sewers (to express this double function 

we shall call them drain-sewers) ; and while the import- 
ance of their being impervious has been strongly pointed 
out, the necessity for their being capable of acting as 
drains has been to a great extent overlooked. The 
extreme importance of this latter point we shall have 
to consider in another place ; suffice it here to say 
Drains and that it is Certain that towns must be provided with 
both^e- pervious drains, and it is also, from the foregoing 
^'®*'*^* considerations, equally certain that they must be pro- 
vided with impervious sewers. 

DRAIN-SEWERS. 

As these drain-sewers are, however, at present the 
usual ones employed in most towns, and as in their 
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capacity of sewers they therefore come under our 
subject matter, we will consider briefly the practical 
pouits to which attention should be especially directed 
iu their construction. With regard to their form, Form, 
some important evidence was given by Butler Williams, 
Esq., C.E., before the Health of Towns Commission. 
It is plain that the best form to be adopted is the 
one which, with the greatest economy of work and 
materials, combines the greatest power of resistance 
to external pressure and the greatest facility for the 
freest flow of sewage contained in it. A very primitive 
rectangular form, with upright sides and a flag or slate Reetan- 
bottom or top, need scarcely be considered, as it ob- ^ 
viously does not fulfil these conditions ; it combines 
in fact almost the maximum amount of friction and 
retarding of the materials passing down it with the 
minimum amount of strength, and has always been 
found to fail. The Romans knew very well that an 
arch was stronger than a flat roof, especially than one Arehed 
uiade of a single flagstone, and they constructed their ^^ '" 
great sewers with* arched tops. In the form which 
has upright sides with an arched roof and a flat 
bottom the friction is as great as in the one above 
mentioned, and deposit very easily accumulates. When 
the bottom as well as the roof is arched, as in the 
Westminster sewers, the friction is very much re- 
duced ; while the elliptical sewers not only offier less Elliptical 
resistance to the passage of sewage in them, but at *®®"®'^ 
the same time greater resistance in every direction to 
external pressure, while a still further improvement is 
the substitution of an egg-shaped section for the true Egg. 
elliptical one, the smaller end of the oval pointing ^tioo. 
downwards. The advantage of this is, "exclusive 
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of its superior strength and economy, that whau the 
water is small in amount the narrowness of the lower 
part gives a greater hydraulic depth, and therefore 
produces increased velocity, and, when the hody of 
water is increased, more capacity is obtained." Bat 
the question of economy must also be considered, and 
with regard to this we find, comparing egg-shaped 
sewers with those of the Westminster form of the 
same capacity, that while one mile of the former 
would only require 924,140 bricks, one mile of the 
latter would require 1,378,080; or "one mile of 
sewen^e of the upright form would require upwards 
of ^ half a million of bricks more than one mile of 
the egg-shaped sewer; and the number of bricks 
that would complete one mile of the upright formed 
sewerage would suffice for one mile and a half of the 
egg-shaped sewer."* The difference would amount to 
1,116 yards of brickwork, " which, valued at 20s, a 
cubic yard, would amount to £1,116/' Besides this, 
it appears that the '' width of the footings used in 
the upright-sided sewer causes great expense in the 
excavation,'' and, taking the average depth of the main 
line excavations at 20 feet, it is found that 5,865 cubic 
yards per mile is the amount of excess of excavation 
required in the case of the upright-sided sewer. 

This it is reckoned would carry the excess of ex- 
penditure to £1,660, or altogether "the difference in 
expense between the construction of upright-sided 
sewers with man-holes, and egg-shaped or arched 
sewers with flushing apparatus, would be about £1,800 
per mile, or for 118 miles would be nearly a quarter 

' (? Nearly.) 

* First Report, Health of Towns Commission, vol. u. p. 460, &c. 
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of a millioD/' The distance of 118 miles is mentioned 
because it represents the length of main sewers built 
in London during the ten years preceding the Report. 
That is to say, that the upright-sided sewers, which Woret 
offer the greatest resistance to a free flow, in which m™! ex! 
great accumulation of filth takes place — even to the p^**"^®- 
extent of several feet in depth in some cases — and the 
sides of which often get pushed in by the pressure of 
the soil around, as exemplified by several instances 
cited in the Report above quoted, cost very consi- 
derably more than the egg-shaped variety with all 
its advantages of increased velocity of the current, 
diminished deposit, and superior strength. Where 
circular, elliptical, or egg-shaped sewers have been 
substituted for upright-sided ones, which had previously 
failed, they have been found to succeed well. 

It is better that sewers should be too large than should be 
too small. We have seen of what an enormous size '^ 
they may. be made, and are made in some cases ; but 
the question is, what is the least size which will answer 
the purpose, so that the expense of construction may 
be diminished as much as possible ? The general idea Common 
is that the mains should be sufficiently large for a man 
to creep through in order to remove the deposit which 
may accumulate in them. This is now usually con- 
sidered unnecessary, as the sewers should be so con- 
structed that occasional flushing will do this. 

To take some instances of the sizes actually in use, 
which will perhaps be the most practical way of look- 
ing at it, we find that in the courts and alleys in 
London, the sizes are from 3ft. by 2ft. 2in. to 4ft. by siaes in 
2ft. 4in. In streets they are from 4ft. 6in. by 2ft. 6in. JJl^' 
to the size of the mains, which has been given pre- 
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viously : one of these, despite its enormous dimen* 
sions, has (even quite lately) been overcharged. In 
Dover the main valley sewer is 4^ft. by 3ft In Salis- 
bury the new sewers are about the same size, and the 
mains are so constructed that the subsoil water per- 
colates into them freely. In Bristol the main outfall 
is 5ft. by 4^ft.9 and the mains vary from this size to 
2ft. by l^ft. ; and it will be found practically that 
where the drain-sewer system is still carried on, the 
minimum size for the mains will be about 3ft. Gin. bv 
2ft. This size would allow a man to creep through 
the sewer easily if necessary. 

It is calculated that a main drain-sewer intended to 
receive all the sewage of a thickly populated square 
Cnicniated quarter of a mile, with a water supply of twenty gallons 
* '^' a head, and also the rainfall of the same surface, would 

only actually require for these purposes a sectional 
area of 4 square feet, but that practically, in order to 
provide for sudden storms, this size would have to 
be at least doubled. A still larger sewer would be 
necessary for the same population if spread over a 
larger area. A ^-inch of rainfall must be provided for. 
Brick- W^ '^^ve already intimated that the mains are 

^^^^ generally made of well-cemented brickwork, and it is 
found that in tolerably good soils they may be 
(especially the elliptical or oval ones) constructed of 
single half-brick (4^ inches) thickness. Where they 
are required to be unusually strong, they may be one 
brick thick. In many towns stoneware pipes are 
Pipes for Substituted for the brick sewers, in the smaller streets 
streets. at any rate. At Rugby, 6-inch pipes are used for small 
streets containing fourteen or fifteen houses. This is, 
however, too small a size for sewers ; they should be, 
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as in other towns, 8, 10, or 12 inches in diameter ; such 
pipes (18 inches in diameter?) may be even used for the 
larger streets, but this economy is especially undesir- 
able, because these pipes, being glazed and impervious, 
do not at all act as drains ; and, in fact, brick mains Pemoas 
built 80 that the subsoil water can enter them (a fenbie. 
sufficient fall and occasional flushing being relied 
upon for the prevention of percolation of sewage into 
the surrounding subsoil), should be constructed in 
preference to these pipes in all the large streets in towns 
where a single system is allowed to remain in use. 

Nothing need be said here with regard to the con- 
nection of the water-closets with the house-sewers, as 
the description of the pipes used with the better forms 
of cesspools applies equally in this case : we may 
just say that they should be 3 or 4-inch pipes of 
glazed earthenware or stoneware, and trapped at both 
ends, preferably on the syphon plan. The house-sewers Houae- 
themselves should be 6 -inch impervious pipes laid on 
a solid bed : 9-inch pipes are unnecessarily large as a 
general rule, although this is a size very frequently 
adopted. Pipes are preferable to the brick- built 
sewers, both on the score of cleanliness and economy, 
and for the smaller streets, as we have before stated, 
12 or 15 -inch pipes, from the facility they give to 
the rapid flow of sewage, are perhaps on the whole 
preferable to brick sewers. 

The junctions of the various branches should not Curved at 
ODly be made at as acute an angle as possible, but the 
smaller branches should be somewhat curved, so that 
there is no angle to ofier an obstacle to the free 
entrance of the sewage into the main. It is desirable 
also that the points of junction should not be low 
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dowD ia the mail), so that the sewage from the pipes 
or smaller sewera may not have to encouDter saj 
considerable pressure. 

Drain-aewers must be placed deep enough to draiii 
the subsoil ; and, above all, must be placed below all 
cellars. Tliere are too many inatancea of cellars 
having been — or even being continually — flooded, 
because they were below the level of the sewers. The 
sewers must drain the cellars ; not the cellars the 
sewers ! This is the case especially when the sewage 
ia backed up from the outfall, or when the gradient is 
small. Thus, at Bedford the street sewers are de- 
scribed in Mr. Austin's Report as "chiefly built 
with bricks laid flat in the lower part, and without 
any mortar. In some cases the sewers are at such 
little depth that cellars of houses are accustomed to 
receive the foul liquid which filters through these 
defective constructions."' The new sewers in most of 
the towns have been placed at auch depths as " from 
, 16 feet (in the mid town) to 4 or 5 feet in many 
other parts of the town (Stratford-on-Avon). At 
Rugby they are " at an average of 11 feet from the 
surface, varying from 7 to 25 feet." At Worthing 
they begin superficially, and are 20 feet deep at the 
outfall. The London sewers vary much in depth. 

The incline to be given to sewers must necessarily, 
as we have before stated, depend to a very great ex- 
tent on the natural inclination of the land itself, hnt 
ice can be had it would appear that bouse- 
uld have a fall, if possible, of I in 20 or 30; 
fall of 1 in 4S is perhaps sufficient for the 
a, while fop street sewers and mains the 
' Thittl Re]>ort M. 0. P. C. 18G0, p. 41. 



SEWERAGE. 139 

inclination should vary from that just mentioned 
to 1 in 200, or 1 in 250. It is certain, however, Not always 
that in many cases such an inclination cannot ^^^^ 
possibly be got, and then the engineer must rely 
upon the good shape of the sewers and sufficient 
flushing to keep deposit from accumulating. 

As these constructions are really drains used as outlet. 
sewers, their natural outlet is into the nearest water- 
course or into the sea. In the latter case, and in the 
mouths of tidal rivers, the tide often passes up them, 
and backs the sewage into the street sewers, whence 
it may overflow into cellars, or even come up through 
the gulley-holes into the streets. This was found to be 
the case at Dover with the old sewers. When the Backing 
outlet is into a river, below the level of the water, the ^^, 
sewage is backed up by the pressure of the water in 
the river, and unless the fall of the mains be con- 
siderable, and the velocity of the sewage sufficient to 
carry it out into the river, it will be as at Cambridge, 
backed up almost continually, and the main converted 
into a long cesspool. At Salisbury the outfall is into 
the Avon by a brick main, the open mouth of which 
is a foot above the lowest summer level of the water 
and a foot below the ordinary level. At Worthing 
the outfall — which is twenty feet below the surface^ 
opens into a tank, out of which the sewage is pumped OutfaU 
continually; but when the pump is not at work, sewage ^^ ^^ ' 
accumulates in the well, and even when the sewage 
has been delivered in amount beyond the capacity of 
the pumping power, " it has filled the well and backed 
up the sewers," and, in prolonged wet weather, ** has 
regurgitated into basements of certain houses." At 
Bedford the chief outfall of the sewage was formerly 
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into the river above the town, so that the water was 
polluted with it before it reached the town. 
Sluice to Where the outfall is into a tidal river, or into the sea, 
tide. a very usual plan is to provide a sluice, which is shut dur- 

ing each high tide ; by this means the tide is prevented 
from rising into the sewer, but the sewage is backed up 
in the mains, which become cesspools for the time being: 
a better method is to have a large receiving tank into 
which the sewage is allowed to flow during high tide. 
Position of As a summary, then, the outfall should be so placed 
ouifaXi — ^unless it is absolutely impossible — that there is no 
chance of any resistance being offered to the escape of 
the sewage ; and it is obviously wrong to allow it to 
enter into a river close above a town, or even close 
below it in the case of a tidal river. Whether it is right 
or not to send it into a river at all is another question, 
and will be considered in another place. 

From the Ninth Report of the Medical Officer of the 
Privy Council we find that in the towns which have 
been supplied with brick sewers, properly cemented, 
SubsoU the subsoil water has in all cases been considerably 
lowered,; lowercd, unless from some local peculiarity which keeps 
the subsoil permanently wet. This is the case at Bristol, 
where, although there is no doubt that in many parts 
the underground water level has been lowered by the 
passing of the sewer through the porous soil, yet in 
other parts the water has kept up some sixteen feet 
above its natural ebb level by the influence of the 
floating dock ; and it appears " that the wells (gene- 
rally speaking) are unaffected in their supply of water 
by the sewerage " (p. 63). At Cheltenham, where 
Dr. Wright insisted that in the construction of the 
sewers " the removal of subsoil water was to be kept 
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in view," the drying of the subsoil has been very con- ^^j^ ^^^^ 
siderable, although the Chelt is backed up within the lacked up. 
town by mill-dams (p. 89). At Macclesfield, it is stated 
that " there is now no subsoil water above the level 
of the sewers anywhere, and cellars that used to be 
flooded are now dried by the sewers'' (p. 117). The most 
remarkable instance of this drying of the subsoil is Beet 
perhaps to be found in Salisbury, where the soil is a ^'"^*"^®' 
very porous gravel, containing much water. It is 
stated that in past times " there have been several 
instances of the Cathedral being flooded by the water 
of the subsoil; the foundations of the houses are 
almost without exception damp." The wells are 
" dug about eight or ten feet deep, the water rising 
to within two or three feet of the surface." Since the Cellars no 
sewerage works have been finished it is said that " in flood^ed. 
the main sewer a rapid run of water from the subsoil 
always exists .... cellars of considerable depth can be 
made, even at the lower parts of the town, and these 
do not become flooded at any time. On an average 
the subsoil water has been lowered four or five feet 
over the city. The Cathedral has never been flooded 
since the drainage works." {Loc. cit. p. 150.) 

From the Rivers' Pollution Commissioners' 1st Re- 
port (1868), vol. ii. p. 83, we find, that at Waterloo- 
with-Seaforth, where the works have consisted of brick 
sewers, earthenware pipes, and cast-iron pipes, " the 
extent of well-water is greatly depressed, so much Weiis 
so that many or most of the wells are useless ;" but "^ 
as a general rule the towns in these basins (Mersey 
and Ribble) do not seem to have had their water- 
level much altered by the sewers. The level would 
seem to have been most affected where the subsoil is 
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sewers. 
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Natnreof porous, OS at Salisbury and parts of Cheltenham. 
Where it is a stiff clay it would appear that generally 
the drying has not been so effectual This drying of 
the subsoil appears to have been pointed out to the 
Health of Towns Commissioners in 1844, by John 
Liddell, Esq., who says, when questioned upon this 
point : ** I believe the sewer has been useful, and has 
considerably diminished the surface water, in some 
places so much so as to reduce the amount of fever." 
The drain-sewers, then, as usually constructed, do 
act efficiently as subsoil drains. 

PIPE-SEWERS. 

imper- ^^ somc towus impcrvious glazed stoneware pipes 

pipe- have not merely been used for the house-sewers and 
in the smaller streets, but have been employed through- 
out. Thus, at Penzance the storm-water and ordinary 
surface water is allowed to go along channels in the 
streets to the sea, while the whole of the sewage of 
the town passes through impervious pipe-sewers 
ranging in size from fifteen inches in the main sewer 
to four inches for the house-pipes. They lie at an 
average depth of nine feet, and their incline varies 

Brick from 1 in 120 to 1 in 15. They have " two brick 
outfalls into the sea, one below low- water mark, while 
the other is uncovered for three to four hours of the 
tide; into these outfalls the storm- water is also 
received.'' Houses are drained into the sewers on 
the block plan, the inlets to all drahis being trapped. 
Deposit rarely accumulates in these sewers, and for 
the purpose for which they are intended they answer 
well ; but it must be remembered that there are no 
subsoil drains. At Carlisle the same system was 



\ 
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applied by Mr. Rawlinson, the outfall of the sewer ExampUi. 
being 3 feet 9 inches by 2 feet 6 inches, " with the 
small but suflBcient fall of 1 in 1,000," and the others 
ranging from this size down to 9-inch street pipes. 

At Dover the pipe system of sewers has been 
added to the old system of drain-sewers, which are 
still left to carry off the storm-water. The pipes vary 
from 6-inch house-pipes to 18-inch sewers, which 
open into a brick main 4^ feet by 3 feet. The pipe Discharge 
system discharges into the sea at low water by gravi- gea. 
tation ; pumping has had to be resorted to during the 
spring tides from the flooding of the cellars. 

At Chelmsford the greater part of the storm-water separation 
is allowed to pass off, " by surface channels and by water ™in 
superficial culverts, to the river," while the sewage **^*se. 
and house drainage generally is conveyed in pipes to 
a pumping station at the lowest part of the town. 
The outlet of the culvert into the tank is " of brick, 
fifteen inches in diameter, and six feet below the 
surface." All the other sewers, large and small, 
are impervious pipes. When pumping is not going 
on from the tank, the outfall can be closed by a sluice, 
and then the sewage accumulates in the mains. {Ninth 
BepartM. 0. P. C. pp. 147, 107, 132, 156.) . 

Ely and Rugby are both supplied ■ in the same 
way, the storm-water still going along the old sewers. 
In Rugby, pipes only six inches in diameter are used 
for the smaller streets containing fourteen or fifteen 
houses, and the main outfall is only two feet in 
diameter. At Stratford-on-Avon the chief difference size of 
is that the pipes are larger, the smallest street-sewer 
being a 9-inch pipe, and that they receive the 
storm-w-ater, as also the drainage of houses. At 



144 SEWERAGE. 

Alnwick and Brynmawr these pipe-sewers are said 
to act exceedingly' well : Gloucester, Southampton, 
Leamington, and other towns afford instances of the 
Advan- application of this system. The pipes used for these 
^^^^ ' sewers have the advantage of being very strong: they 
can be much more quickly laid than brick sewers 
built, and there is, with a proper incline, almost no 
chance of accumulation taking place in them. They 
require a much smaller amount of excavation than 
brick sewers, and they can be made with very varioas 
curves to suit different positions. From the Rivers' 
Pollution Commissioners' First Report (1868), vol. ii., 
we find that a considerable number of towns in the 
Mersey and Ribble basins are supplied partly with 
pipe-sewers, though the mains are generaUy egg- 
Act well shaped brick sewers. On the whole, there is do 
asaowerB, j^^j|jj ^j^^j gjaged earthenware pipes act perfectly 

well as sewers, and eflSciently remove all the refuse 
matters with very little chance of accumulation. 

but not as Where the pipe system has been employed, espe- 

'*^' cially if to the entire exclusion of even brick mains, no 

drying of the subsoil has taken place. At Penzance, 

They do *' the effect of the construction of sewers upon the 

the BubsoU subsoil of the town has been inconsiderable, if any. 

^^^^' .... No wells were affected at all by the drainage 
works." At Rugby there has been a slight lower- 
ing of the subsoil water, but to no great extent. At 
Penrith, Alnwick, Morpeth, and other places, there 
has been no change in the subsoil water. At Worth- 
ing, however, where there is, be it noted, an egg- 
shaped brick main, and where the surface water is 
allowed to run into the pipe-sewers, while the storm- 
water is partly carried off by the old brick ones, the 
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removal of the subsoil water has been considerable; 

but this has been to a great extent due to water Water 

finding its way alongside of the pipes, the town stand- way Vicmg- 

ing on semi-porous strata. We may note that at !J^**^ea- 

Morpeth, although there is no draining of the subsoil "o^»iiy- 

water, " the surface is rendered incomparably drier," 

and the cellars that used to get filled with water in all 

heavy rains have never been flooded since the sanitary 

works. At Ashby-de-la-Zouch, it would appear that 

the subsoil water has been lowered, probably from the 

water finding its way alongside the pipes, and from 

the very fact that excavations have been made through 

the thick tenacious clay upon which the lower parts 

of the town rest. {Ninth Report M, O, P. C) 

Some of these towns, then, it will be seen, are as a 
matter of fact provided with sewers much upon the 
plan which Mr. Menzies has the credit of having 
first brought prominently forward ; that is to say, ^r. Men- 
with impervious pipes for the sewage properly so *ie**P'»"- 
called, and brick drains for the surface and storm 
water, the former being laid deeply and the latter 
being superficial. We have, however, seen that by 
this system no ^provision is practically made for 
the removal of the subsoil water; only the sewage 
and the surface water is attended to. That this is 
not suflScient, but that it is necessary for ''the Neoeaaity 
subsoil water to be removed, and kept at an vaiofBob- 
adequate depth below the surface by under- *^**''*^^- 
drains specially laid for the purpose," as Mr. Bailey 
Denton says, we shall show when we describe tlw 
effect of. sewerage works upon the health of towns. 

Where this " separate " system is adopted, Mr. 
Menzies says that the street gulleys should open into 

L 
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Street the drains, and not into the sewers : he considers that 

water into . ' 

dnins, the Street scavenging ought to be suflSciently well 
done to prevent any great amount of organic refuse 
matters being washed into them in this way.^ 



FLUSHING OF SEWEBS. 

That in brick sewers, especially badly constructed 
ones, and in such as have not a sufficient incline, con- 
siderable accumulation of semi-solid filth may take 
Accoma. placc, iu spitc of the fact that rain and storm water 
depoAit! P&ss ^^^^,K them, has been already pointed out. This 
happened in the Cloaca Maxima, which got choked 
up, and had to be cleaned out at a cost to the Censors 
of 1,000 talents. The old method of removing this 
deposit was through man-holes by spade and bucket 
That this is a very expensive method will be seen from 
the statement that '* the cost of removing deposit 
from the tide-locked and stagnant sewers in London 
formerly amounted to a sum of about £30,000 per 
annum*' {B€LzaI^etle on the Main Drainage of London)^ 
and from another in the Health of Towns Commis- 
sioners' 1st Report, that the yearly expense of cleansing 
the sewers in Westminster was £2,000, the number 
of loads of deposit removed annually by carting being 
6,000. In the same Report (vol. ii. p. 159, &c.) the ad- 
ExpenBc of Vantages of flushing by water, instead of removal by the 
removal, jj^^^y^ method, are put forth. It was shown that in 
some cases where the deposit was three or even four 
feet thick, and had stopped up the sewer, not only the 

^ Paper read before the Institution of Surveyors, April 19, 1869. 
> Dionysius (Haiicamassos), Antiq. Rom. iii 200. 
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street had to be broken up, bwt the arch of the sewer Enia of 

. . 1 i» old me- 

broken iuto also, and the soil raised to the surface thod. 
and carted away, causing a very great nuisance to 
the neighbourhood. The cost for removing it, if 
the sewers had man-holes, was 6s. lOd. a cubic yard; 
if they had not, lis. a cubic yard, on account of 
breaking open the arch and making it good again. 
The results of some experiments that were made to 
ascertain the flushing power of water are given, and 
it is shown "that a velocity of six inches in a second Expcn- 
would be sufficient for scouring away all the usual a head of 
sediment, and that a velocity of one foot in a second 
would sweep away fine gravel." In some other ex- 
periments with a flushing-gate, four feet high — the 
quantity of water headed up for one flush being 
26,605 cubic feet — it was found that, by a single 
flush, brickbats were carried along for a distance Bricks 
of from 261 to 529 feet. By a second flush the J^J^^ 
foremost brickbat had reached 1,170 feet; "after 
the third flush the whole were found to have passed 
a distance of 1,300 feet.'* The whole bricks were 
carried from 248 feet to 760 feet by one flush, and 
by the second flush the foremost brick was carried 
160 feet further. These experiments demonstrate 
very clearly the effectual flushing power of a head 
of water backed up by a flood-gate. It need scarcely 
be pointed out that much time and money is saved 
by flushing. '' It was found on calculation that the cost Saving by 
of putting down one of these flushing apparatuses "'' ^°^' 
(a mere board dam) was less than cleansing the sewer 
in the old way, while the apparatus remained for 
future use at no more expense than the men's labour." 
In an instance where 6,6S8 yards of foul deposit had 

l2 
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been removed by flushing, it was calculated that— as 
the whole cost of removing it by hand labour would 
have been £2,887, while the cost of putting up the 
inside apparatus and flushing-gate was £1,293, and 
Sereni the cost of mcu's time £644 12*. Id. — "there was 
then a saving of £455 to the Commission," besides 
the fact that on account of the side entrances tbe 
pavement would no longer require to be taken up as 
before, and the apparatus would remain to be used 
when required. In the Holborn and Finsbury district 
it is stated that at that time (1844) about two-sevenths 
of the sewers were supplied with flushing apparatus, 
and that while " the annual cost of cleansing those 
by the old mode would be £326 17^., the cost for 
men to work the gates now placed, that is, keeping the 
sewers clear from deposit, is £106 per annum, leavins; 
a saving of £220 per annum on these two-sevenths." 
{First Beport H. of T. C. vol ii. p 164.) 
Paris plan, Instead of having flushing*gates at certain points 
flitfhlng-* in the course of the sewers, which can be let down so 
*^*^ as to dam up the sewage, and cause a sufficient head 
to sweep the sewer clean when the gate is raised, tbe 
Paris sewers are provided with a kind of moveable 
flushing-gate, carried by a truck running on rails, 
which are placed one on each side of the actual 
channel ; the truck being driven forward by the pres- 
sure of the sewage against the flushing-board, while 
the latter clears the sewer as it passes, being murh 
assisted by the rush of sewage past its edges, which 
well stirs up and carries along the rand. 

As deposits in sewers are brought about by the 
irregularity of the flushing that they get from the 
rainfall, it has been proposed to supplement this when 
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necessary by sending a rush of water down them 
occasidnally, and this is the method now usually 
adopted. 

To provide a supply of water for this purpose, a CoiiecUon 
plan of collecting the rain-water from the roofs of water.^ 
houses is described by W. D. Guthrie, Esq. (First Be- 
port H. of T. C, vol. ii. p. 243), which could certainly 
be very well adopted in most towns. The water 
is merely received into cisterns which communicate 
with the drain-pipes, the aperture of communication 
being closed by a moveable plug, so that the contents 
of the cistern can when necessary be suddenly emptied 
down the sewer so as to clean it. It was, however, 
recognised by several witnesses who gave evidence 
before this Commission, that sewers when properly 
constructed ought to require no such artificial relief, sewen 
They ought to flush themselves continually, and this flughthcm- 
plan has been adopted in a considerable number of ^^^^ 
towns, especially in such as have pipe-sewers placed 
at a sufSciently good inclination. 

At Bristol the main sewer "is not ventilated or 
flushed, and is stated to require neither one nor the 
other, as there is no deposit in it, and never any Nodepo- 
accumulation of foul gases : " and here we may an- fo^j ^^ 
ticipate a little, and say that foul gases are not formed 
to any great extent in sewers where no accumulation 
of filth takes place ; it is by the fermentation going 
on in a semi-solid deposit of filth at the bottom of 
a sewer that foul gases are generated, and where 
flushing is adequately performed so that no deposit 
accumulates, the sewers will be found to require very 
little ventilation. At Leicester " the sewers are flushed 
at their two highest points from a thousand-gallon 
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Various tank filled by a hydrant with the water company s 
flushing! water. . . . Without great care in flashing, the sewers 
are apt to get a deposit of silt/' At Cardiff the flash- 
ing is performed ^* by the surplus water from a channel 
which feeds the docks. . . . For parts where this is not 
available, a special flushing reservoir is ct>DstrQcted." 
At Salisbury, with the pipe system, there are flushing 
wells constructed at the corners of the streets, from 
which the pipes are flushed through hydrants when 
Deposit needed. " The sewers, after ten years' experience, are 
preyente^, found to act Well, and to have no deposit but what is 
easily got rid of by flushing regularly once a fortnight, 
with extra attention to some sewers that are nearly 
on a level." At Penzance and Chelmsford the pipe- 
sewers are rarely flushed, but do not choke or silt np. 
At Rugby, where the sewers frequently got choked up 
even where when the gradient was sniall^ the establishment of 
incline. flushing chambers to clean such parts has obviated all 
inconvenience on this head. At Alnwick the pipe- 
sewers are flushed once a day, the contents being 
removed so rapidly that at night the outfall chiefly 
consists of water from the waste of the houses and the 
interception of springs by the sewers. {Ninth Beport 
Streams M. O.P,C) At othcr places, as at Garston, Accrington, 

sometimes 

n=*ed. &c., watercourses can be turned through them where the 

fall is bad, or arrangements are made for flushing them 
by hydrants from the mains at certain intervals. 
With the " separate '* system of sewerage, the pipe- 
By com- sewers might be made to communicate at certain 
with*^**^**^ intervals with the rain-water drains, and might be 
flushed when they required it, by letting water from 
these latter run into them. 

It is certain, however, that with wcU-laid pipe- 



drains. 
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severs the flashing caused by the amount of water- 
closet and house slops will generally suffice to keep 
them free from deposit. 

Dr. Trench, in his evidence before the Rivers' 
Pollution Commissioners (1868), after pointing out 
that "in a well- drained midden, not only do the 
whole fluids reach the sewers, but it may be also 
asserted that in rainy weather much of the solid 
matter will be also carried away in a moist and dis- 
integrated state," adds : — 

" Now the difference between the water-closet and the privy Importr 
is, that in the former the flow of water is so regulated as at ^ter- 
once to take the sewage along the private or house drain into clotiet to 
the main sewer, from which, as has been proved by experiment, ^®^®'- 
it will reach the river in 60 minutes from the most distant parts 
of the borough (Liverpool) ; while in the latter, or privy-drain, 
no such impetus is given by water as a moving power, and the 
sewage dribbles into, stagnates, and decomposes in the drain 
before it reaches the main sewer. Indeed, so perfect is the 
daily flushing power of what are termed the trough water- 
closets in courts, that never now we perceive those emanations 
from the grids at the entrance of courts, which were common 
daring the period of court privies." {First Report^ vol. ii. p. 303.) 

With pipe-sewers where the incline is good, as at Conciu- 
Brynmawr, where it is stated to be 1 in 30, no 
flushing whatever is required. The towns examined 
by the Rivers* Pollution Commissioners show the 
truth of this statement very forcibly. Wherever there 
is a good gradient, as at Hurst, Mossley, Toxteth 
Park, and in most of the main sewers of Manchester, 
Bolton, and other places, no flushing is required. At No flush- 
other towns, some kind of waste water, as that of a quired 
pond or brook, or even of a swimming-bath (Monks gradient u 
Coppenhall), is employed for this purpose. In some ^^^* 
the sewers are only flushed by storm-water, while in a 
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VENTILATION OF SEWERS. 



Wherever there is the least chance of any stagnalion 
of sewage taking place, the same changes occur in it 
as in the case of cesspools, and offensive gases are 
given forth in large quantity from the decomposing 
mass. That these gases are of the same nature as 
those found in cesspools was insisted on by Parent 
Ducbatelet ; and with regard to ventilators he says : 
*' Of everything which belongs to the construction of 

Import- sewers there is nothing so important as eye- 

venaiation. holcs {j-egard^^ and he suggests that the sewers 
should be ventilated by means of a large pipe, such as 
has been described in the case of the *' fosses per- 



great many instances arrangements are made for 

flushing theiu from the mains, either by means of 

flushing reservoirs, or merely by pipes or hose through 

the gulleys. Where sewers do require flushing, it is 

Not trust plain thftt it will not do to trust merely to the rain- 
to raiu- n I . t 

water. Water for this purpose. It is during the summer 
months when there is least rain, and therefore a 
smaller body of water passing down the drain-sewers 
of such towns as London, that the great accumulation 
of filth takes place in them, and it is precisely during 
the same summer months that these dangerous ac- 
cumulations are most dangerous, on account of the i 
decompositions which are set up in them and greatly 
Flushing facilitated by the heat of the weather ; and so in the 
wh^eTgS- case of sewers which do not sufficiently flush them- 
•mall " selves because they cannot have a suflBcient gradient, 
it is absolutely necessary that they should be regularly 
flushed by artificial means. 



k 
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manentesj' because that has been found to be the best 
way of ventilating these latter* But he recommends, 
at the same time, that open gratings be placed in the 
streets at regular intervals, communicating with the 
sewers. In Southampton, gratings in the road gave 
off such offensive effluvia that the inhabitants of the 
neighbouring houses stopped them up with pieces of 
wood, the result being that the gases forced them- 
selves up through the imperfect traps into the houses. 

In many towns there is no pretence made of venti- Rendered 
lating the sewers, and it is certain that smooth pipe- wry by 
sewers, regularly flushed, are not likely to require ^°**'*^» 
much ventilation. It is only where accumulation takes 
place in the sewers that gases are formed in any quan- 
tity. Dr. Neil Amott says {First Report K of T. C. vol. 
i. p. 66) that ''flushing, in defective drains, would lessen 
the quantity of impure air produced in them, but would 
not free the town from the amount which is unavoid- 
able." At Alnwick, where no special ventilating 
shafts and no means of causing a draft of air are 
provided, but where the sewers are flushed elaily, it is 
found that no effluvia arise from them, scarcely any 
even when the man-holes are opened ; and that there 
is no evidence of deficient ventilation of the pipes, or 
escape of sewage gases into houses. It is certainly, but-not 
however, not safe to leave the sewers without any have no 
proper means of ventilation, as, if by any chance the ^«^^**<>" 
sewage gets backed up in them, gases accumulate 
and are forced into the streets and houses through 
the only available openings, the street gulley-holes 
and house-drains. * This took place, for instance, at 
Worthing, where, after the dry summer and during 
the very wet autumn of 1865, the sewage filled the 
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well into which it is received, and backed up the 
sewers, driving the foul gas up through the traps of 
sinks and water-closets. Since that time, however^ 
the sewers have been amply ventilated. 

The simple method of leaving the street gulleys nn- 
trapped, and with an open iron grid, has been and still 
is too frequently employed. The effect of it is, tbt 
the offensive gases are thrown out freely into the 
streets ; and every one will agree with Dr. Neil Amott 
when he says, ''it is often possible for a person 
walking in the street in the dark, or with the eyes 
covered, to teU when he approaches the open gratiog 
of a drain by the offensive smell issuing from if 
The conclusion is, then, that, on account of the 
nuisance, apart from the question of health,, all en- 
trances in the sewers on the street level should be 
efficiently trapped, and that some other ej&it should be 
given for the foul gases. A very common plan is to 
leave the rain-water pipes, which enter the sewers, 
untrapped. The objection to this method is, that 
these pipes are not generally well jointed; but a 
still greater objection is, that whenever there is a 
considerable rainfall, the escape of sewer air by 
these pipes is prevented by the presence of the 
water coming down them, and so it is driven up 
into the houses. 

Then we have improvements upon these two methods. 
Many towns, especially in the North of England, have 
their sewers ventilated by openings at the level of the 
street communicating with the man-hole shafts, or with 
special ventilating shafts passing down by the side of 
them. But the gases, in order to escape, are obliged to 
pass through a filter of charcoal. Mr. Thorburn, C.E., 
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states, in a paper read before the Liverpool Poljrtechnic 
Society, that at Birkenhead — 

** Each shaft is provided with a galvaniaed iron- wire basket of Birken- 
a quarter mesh, ten inches square, filled with small wood charcoal P 

for a width of six inches, fixed in a short horizontal gallery, 
between the opening through the crown of the sewer and the 
up'Cast shaft, terminating at the surface of the street, in a 
position so as to protect the charcoal from being saturated with 
the run-water &1hng through the surface oast-iron grating 
fixed on the top of the shaft level with the street. The man- 
hole entrances are found to act as down-cast shafts, thereby 
facilitating the draught of gas through the charcoal filter 6xed in 
the ventilating or up-cast shafts very much on the principle of 
syphon ventilation. These ventilators are found to answer their Acts well. 
purpose effectually, and very little, if any, trace of deleterious 
gas or unpleasant smell is perceptible at the grating in the 
street. It is estimated that about 90 per cent, of sulphuretted 
hydrogen or other gaseous emanations from the sewers is 
intercepted in passing through the charcoal filter." 

The cost of these ventilators is from 16^., or 18^. for Coat. 
the smaller ones adapted to court and passage sewers, to 
£1 8*. Sd.y the price of the ordinary single ventilator 
placed on the line of brick sewers. A double ven- 
tilator, having a ventilating shaft on each side of the 
man-hole shaft, and suitable *' when two lines of sewers 
run in opposite directions," costs £2 12^. Wood 
charcoal is found to answer the purpose best, and will 
be found not to require renewing for a long space of 
time ; " in some cases it has been in constant use for 
upwards of four years." It is certainly, however, ad- 
visable to have it changed much more frequently than Charcoal 
this: "it should not be left more than six months regularly. 
without being changed." It is very easy to replace 
the older filter by a new one, and the charcoal, when 
burnt, will do again. This system is also in use at 
Athcrt/)n, Denton, Staleybridge, Rochdale, Leaming^ 
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toDy and other places, and has been found to sncceed 
very well. Instead of the rain-water pipes, in some 
cases special pipes passing up to a considerable height' 
above the roofs of the houses have been employed. 
At Penzance, for instance, *' the sewers are ventilated 

Special near the outfall by a special pipe to prevent back 

pipeL *"* pressure of air by the tides; and elsewhere by iron 
pipes carried to the chimney-tops of the highest houses 
at the highest parts of the town. Rain spouts, so far as 
connected with the pipe-sewers, are trapped.'* At Ely 
the connections with the pipe-sewers ** are trapped at 
every inlet, including the rain spouts, and have only 
a single ventilating opening by a shaft at their highest 

point Sewer air really does rise in this shaft, 

though there is no means of artificially making a 
draught up it." {Ninth Beport M. 0. P. C. pp. 147, 
162.) Mr. James Simpson says, in his evidence given in 

DiflSeai' the East London Water Bills Report, that there is great 
difficulty in ventilating sewers and subways; that 
putting up plenty of shafts will not do, for the foul air 
remains in and you cannot move it. The difficulty is 
to make the draught, and it's not a shaft stuck up that 
will cause motion. These special pipes should in all 
cases rise up considerably above the level of the highest 
buildings in the neighbourhood, and their action is 
rendered much more certain by furnishing them, as 

Arohime- in Liverpool, with Archimedian screw pumps, which 
are kept constantly in motion by the air. At the 
town just mentioned there are nearly 1,200 of these 
at work, and the number is constantly being increased. 
We may observe of this plan, that it still throws out 
the effiuvia into the air of the town, although the 
higher level at which it does so affords a greater 
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chance of the gases being blown away, but that is no 
reason why these pipes should not be provided with 
charcoal filters, which would render their working far 
more efficacious. In his evidence before the Health 
of Towns Commissioners {First Report, vol. i. p. 63), High 
Dr. Neil Aruott says " the drains must be shut up or ^ ^^^ ^'' 
trapped, and escape allowed for their impure air by 
lofty chimneys, in which it may be heated and partly 
burnt;" and he considers that when so treated the gases 
would rise to a considerable height, diffuse themselves 
through the air, and " not descend again within a mode- 
rate distance." But this procedure cannot be recom- 
mended, on account of i^s danger. Mr. James Simpson 
informs us that such pipes were made in the borough 
of Southwark, connecting the sewers with the furnaces 
of the soap-works, the result being that " an explosion Danger of 
took place that blew all the furnace down ;" but, even ^*** ^ ^^ 
where explosions have not taken place, another diffi- 
culty arises with this method, that, in the case of 
furnace chimneys, the draught is so great as to open '^<^ g«»* 
all the traps connected with the house-drains in the 
neighbourhood; ''and when out of work such inlets 
form outlets for the gases generated in the sewers, 
and therefore at such times disperse the sewer gases 
into the air of the streets and dwellings of the inhabi- 
tants of the district; or, in other words, such a system 
is violent, local, and intermittent in its application." 
(Mr. Thorburn, loc. cit) When house flues are used as 
ventilators, there is a considerable risk of the entrance 
of sewer gases into the houses themselves. On the 
whole, then, the evidence would seem to show that 
the best plan is to h&ve special pipes, rising high 
above the roofs of the houses, each provided with an 
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Best 
method. 



Advantage 
of "sepa- 
rate *' sys- 
tem. 



Archimedian screw at the top, and a charcoal filter at 
the base. The upward draught may, too, in many 
cases be assisted by carrying such pipes aloi^ the 
sides of chimneys, as is done in Paris. 

A great advantage claimed for the ^' separate " 
system of sewerage is, that the sewers, properlj so 
called, need have no opening, trapped or untrapped, 
at the street level, as the gulley holes only commani- 
cate with the drains ; while with the drain-sewers this 
is necessarily the case. 



Manches- 
ter sewer- 
age. 



Black- 
burn: 
brick and 
pipe. 



COST OF SEWERS. 

As examples of the cost of sewerage works we ex- 
tract the following from the evidence procured by the 
Rivers' Pollution Commissioners {First JReport, 1868, 
vol. ii. p. 55, &c.) : — 

At Manchester — where "eflBcient sewerage works 
hav6 been carried out in all the streets within the city," 
the main outfall sewers being principally constructed of 
brickwork, and the smaller ones of glazed earthenware 
oval pipes, " the size of the brick sewers varying from 
6 feet by 3 feet, to 3 feet by 2 feet ; and the pi|)e 
sewers from 25 inches by 18 inches, to 12 inches by 

9 inches," and there being altogether 63 main sewers 
of various lengths, making a sum total of 280 miles— 
the cost has been about £340,000. There is, however, 
here no special mode of ventilation provided, and no 
flushing apparatus required. At Blackburn — where 
" one outlet comprises a main sewer 6 feet by 4 feet, 
egg-shaped, with tributary main sewers from 4 feet 

10 inches by 2 feet 8 inches, egg-shaped, to 2 feet 
diameter, all of brick, and pipe-sewers from 21 inches 
to 9 inches diameter ; total length of main sewers 
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32 mSes ; subsidiary mains in back roads from 9 
inches to 15 inches diameter, 19 miles" — the cost 
has been about £90,000. The ventilation here is 
by spouts from houses, by special shafts opening at 
the surface of the streets and provided with charcoal 
ventilators, and by connection with three factory 
chimneys. No flushing is required, the fall of the 
sewers being considerable. At Preston, " 16^ miles of 
stoneware pipes and 8f miles of brick sewers cost 
£50,000. Also 30 miles of stoneware pipe-sewers, Fipe 
in streets paid for by owners, cost £9,000." At 
Gorton, "the sewerage works comprise — 

1,408 yards of 36-inch brick sewers. 



sewera. 



1,520 


30 „ 


99 


980 


„ 24 „ 


99 


1,165 


„ 18by27„ 


>1 


2,634 


» 15 „ 


pipe-sewers 


880 


» 12 „ 


»> 


1,349 


» ^ » 


» 



3,705 „ 6 „ „ 

together with gulleys, traps, man-holes, and lamp-holes, 
at a total cost of £9,579 Us. Qd/' 

The above instances taken at random will give a 
better idea of the cost of constructing sewers than 
would be given by a list of the details of the cost 
of materials, work, and so forth. It may be noted 
as a general rule, that egg-shaped brick sewers, half a 
brick thick, are cheaper than pipe-sewers, when the size 
is greater than 2 feet by 18 inches ; but when less 
than this size, pipe-sewers are cheaper. 

A great outcry has been raised aeainst the " sei)a- ''Separate 
rate system on account of its expense. That it is expense, 
more expensive to build two sets of sewers than one, 
when we require the drains to be deep enough to drain 
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the subsoil and large enough to carry off storm-waters, 
is plain enough ; but that it is cheaper to make exist- 
ing drain-sewers do their work properly (as far as 
this is possible) than to leave them to act as drains 
only, and to build a separate set of small pipe-sewers 
for the house drainage, we cannot admit. 

And when we consider the danger that arises &om 
the drain-sewers overflowing during heavy storms, 
flooding streets and cellars with diluted sewage, and 
forcing sewer gases up into houses, and on the other 
hand the impossibility at such times of any pretence at 
utilising the sewage, which must then inevitably be 
allowed to get to the rivers as best it can, and even 
the difficulty of dealing with it when only diluted with 
., rp^^ the ordinary rainfall and subsoil water, we must agree 
opinionn." ^ijij jy^^ Rollcston, who says in his article " Sewage 
and Sewerage*' (Quarterly Journal of Science^ April 
1866), that the question of the separation of sewers 
from drains '' does admit of two opinions being held 
about it ;" but we must go farther than this, as we have 
good reason to believe that he has since done, and, 
looking at the great size of the outfall works and 
channels necessitated by the enormous volume of the 
diluted sewage, and the special disadvantages and 
extra expenses where irrigation is resorted to (and 
Great *^ which we shall refer again), we are driven to the 
wing in couclusiou that it would be a very great mving in the 

the long '^ ^ •^ 

run. long run to a town to send its rain and subsoil water 

at once by deep drains into the nearest watercourse, 
and to construct special pipe-sewers of very moderate 
dimensions to carry the house refuse away from the 
town to outfall works, there to be utilised in some way 
or other. 



CHAPTER VII. 

SANITAKY ASPECTS OF THE WATER-CARRIAGE 

SYSTEM. 

We have already given ample evidence to show that 
the prevalence of sickness in general, and of fevers 
(especially typhoid) in particular, accompanies the non-» 
removal of excreta and other refuse matters from the 
neighbourhood of dwelling-houses : it now remains for 
us to see whether any definite amelioration in this Haieffi- 
respect has taken place since a more efScient removal en^e^been 
of such refuse matters has been provided for a great J^^fiJ^'^ 
many towns by considerable improvements in the 
drains and sewers, and by the more general introduc* 
tion of water-closets; and, if so, in what this 
amelioration consists. Happily, plenty of information 
is afibrded us on this head by Dr. Buchanan's 
researches on the '* results which have hitherto been 
gained in various parts of England by works and 
regulations designed to promote the public health/' 
{Ninth Report of the Medical Officer of the Privy 
Council) In twenty-five towns where such works 
have been carried on, and many of which have been 
already referred to several times in these pages, in 
almost every case the general death-rate has been 

M 
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General lowcrcd, and in many cases considerably so. At 
lowered. Cardiflf, for instance, it has been reduced from 332 to 
226 per 10,000, equivalent to a reduction of 32 per 
cent, (or, allowing for cholera, of 24 per cent.). At 
Newport (in Monmouthshire) the reduction has been 
from 318 to 216, equivalent to 32 per cent, (or, 
allowing for cholera and dysentery, to 23 per cent.), 
and in each of these cases the reduction has taken 
place under each separate head of disease, with the 
single exception of scarlatina, which has increased 
90 per cent, at Cai'diff and 18 per cent, at Newport. 
Influence The mortality of children under one year has been 
taiity of also remarkably lowered in these two places to- the 
children. ^^^^^^ ^j ^^ ^^ ^^^^ ^^ Cardiff and 21 per cent, at 

Newport. At Mei-thyr Tydfil, too, the total reduction 
has been from 832 to 262, that is, 21 per cent, (or, 
allowing for cholera, 12^ per cent.) Here the reduc- 
tion in the case of children under one year old has 
been 24 per cent., although the deaths from lung- 
disease in infants have increased 16 per cent. 
Scarlatina, too, shows an increased mortality of 
60 per cent. It will be noted that at each of the 
above places there has been thorough sewerage by 
Largre lafffe sewers, besides improvements in other ways, 
sewere. especially in the substitution of water-closets for 
privies, and in the supply of better water. At 
Macclesfield, where pipe-sewers have been added to 
the old system, the midden system having been re- 
tained, but "reduced to its minimum of offensive- 
ness," the reduction in the total of deaths has been 
Bjstem!^*^ 20 per cent.; that of infants under a year old 23 
per cent., although the deaths from lung diseases 
have increased 14 per cent.; and scarlatina — ^unlike 
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the preceding cases — has decreased 45 per cent. 
At Croydon, where the general mortality has de- 
creased 20 per cent., the mortality of infants under 
one year old has increased 10 per cent. It is said 
of this that the altered circumstances of the town 
have brought about a largely increased birth-rate. ^^ . ^ 
The general result is, that " of special influence, either influeuce 

" , on cbiid- 

in amount or kind, exerted by sanitary works upon mortality 
children under one year of age, different from that case. 
exerted upon the total population, no evidence what- . 
ever has been obtained." {Loc. cit p. 42.) 

Under the heading of measles we find that its Meaniea, 
mortality has been in many cases considerably 
diminished, as at Bristol, Leicester, Croydon, Pen- 
zance, Ely, and other places. Elsewhere, however, it 
has in several instances considerably increased, as 
at Cheltenham, Dover, Warwick, Banbury, and Strat- 
ford-on-Avon. This may be in some cases accounted 
for by the increased density of the population : " the 
introduction of better drinking-water has not per- 
ceptibly affected the prevalence of measles " (p. 43). 
Of tohoopin^'COu^h, and also of scarlatina, much the vhooping- 
same must be said, " though, if South Wales be ex- ^"^^' 
eluded, which has latterly been swept by a scarlatina 
epidemic that no sanitary influence has been able 
to resist, there does appear some probable connec- 
tion between reduced prevalence of scarlatina and and scar, 
diminished crowding in houses ; " although the fevers ^""^ 
above mentioned have been more prevalent in some not con- 
towns since the sanitary improvements have been ^^h^gew- 
made, they have been less so in others, and in fact ®"^® 
they do not appear to be in any way connected with mems 
sewerage arrangements. The number of deaths 

M 2 
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from croup and diphtheria have in almost all the 
towns increased during or after the completion of 
their sanitary works, and in many cases diphtheria 
Croap and would Seem to have appeared during these alterations 
higher*"* ^i^d to have increased after them ; thus, at Banbury, 
moruiity. jj^^ mortality during the execution of the drainage and 
sewerage works rose from to 0^.^ Daring eight 
years after the completion of these works it was If. 
At Chelmsford, diphtheria only appeared after the 
execution of the works, and reached a mortaUty of 
6J. At Ely the same was the case — ^the mortality 
reached 3f ; and at Dover a mortality of 3^ marks 
nine years after the execution of the sanitary works ; 
" what might be anticipated from the free communi- 
cation of the town with places in France where diph- 
theria prevailed early and severely." Newport is 
indeed the only place in which this disease, although 
appearing for the first time during the works, de- 
creased considerably after their completion. Here 
Typhoid croup remained almost unchanged in its death-rate. 
enonnous But it is especially in the case of typhoid fecet 
inmor-^^ that important results have been obtained from 
***»'>'• the sanitary improvements. At no less than nine 
towns the diminution in the number of deaths has 
exceeded one-half, reaching at Salisbury 75 per cent. 
At ten towns the reduction has been between one- 
third and one-half; Bristol, with a reduction of 33 
per cent., being at the bottom of this list At Rugby 
the reduction has been 10 per cent. ; at Carlisle only 
2 per cent ; but at the former place the water supply 
until lately has not been good, and the sewers have 
only been flushed since 1863, before which it is 

' Per 10,000 of the population. 
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stated that they " frequently got choked and had Caases 
to be opened, poked clear with rods, and then washed ^'duciion^ 
out" (p. 168) ; and at Carlisle it is stated that '^away J|^^ 
from business quarters of the town, and yet not in the 
suburbs, there remain a number of courts and yards 
which are full of nuisances, and keep up the memory 
of what the whole town was in 1849 " (p. 108). But it 
must be mentioned that at Chelmsford and Penzance Cases of 
there has been a slight increase (5 and 6 per cent, re- mortality 
spectively) in the death-rate of typhoid fever ; while at fy^Zf^'''^ 
Worthing'there has been an increase of no less than 
23 per cent. At Chelmsford, however, " the sewage is 
delivered into a tank by an outfall sewer which enters 
some six feet below ground" (p. 45) : the result is, that 
although the opening can be covered with a sluice, 
and although a storm-water overflow is provided, it 
is a fact that when the engine is not at work or the 
liquid accumulates in the well, cellars get flooded by 
the sewage, and doubtless sewer gases get forced 
up into houses. With regard to Worthing, we have 
already remarked on the absence of any provision for 
ventilation, and on the fact that sewer gases had been 
forced up into houses through the traps of sinks and want of 
water-closets. That this was the cause of the outbreak yeutnation 
of fever in 1865 "appears to reach positive demon- of sewere. 
St ration when it is added that the fever almost ex- 
clusively attacked well-to-do houses on the higher 
levels, where the water-closets were inside the houses, 
and almost entirely spared the houses, mostly of a 
much poorer sort, situated on lower levels, where the 
closet was placed outside the house. It was not so 
in the times of cesspools ; then, these low-lying poor 
houses were far more attacked with fever than the 
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others. Moreover the fever subsided^ as soon as 
openings were made into the sewers, from certain 
houses where it before maintained itself for months " 
Evil dw (p. 45). It must especially be noted that in Rugby, 
being low Carlisle, Chelmsford, and Worthing, the " sewage is re- 
tankB.^'^ ceived into pumping works at the outfall in such a way 
that sewer gases are necessarily much confined in the 
pipes *' (p. 45). In Leicester, too, the sewage, pro- 
perly 80 called, is received in a pumping tank; but 
then Leicester has a separate system of storm sewers, 
so that there is much less chance of the liquid being 
backed up by the accumulation in the well. 

In Morpeth, where the outfall of the sewer is not 
into a tank^ but where, in many places, the pipe- 
sewers themselves are below the level of the river, 
"it happens that in times of flood the sewage is 
Typhoid backcd up the main sewer for four to five hundred 
in°"li^^f^ yards " (p. 200). It appears that '* occasional outbreaks 
sewage. of typhoid had followed times of flood when the out- 
fall sewer had been under water " (p. 46). 

'^ Many of the public improvements have coincided 

with reduction of typhoid. ... It is, however, the 

Chief cause purification of atmosphcro from decomposing organic 

' matters, that has been most uniformly followed by a 

fall in the prevalence of typhoid. And this has 

occurred equally whether the purification has been 

brought about by the abolition of cesspools or by 

draining and drying ' middens ' '' (p. 44.) 

Diarrhooa : The mortality from diarrhcBa has been greatly reduced 

^^^ in many towns where sanitary improvements have beeu 

efiected, but this reduction is by no means so universal 

as in the case of typhoid fever, the mortality having in 

many cases considerably increased. 
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*' Cholera epidemics appear to have been rendered cholera 
practically harmless in the towns examined " (p. 4 7). harmieeB. 
As instances of this we may cite the cases of Merthyr 
Tydfil, where a death-rate of 267 in 10,000 during 
the epidemic of 1848-49 was reduced in 1S66 to 
20 by improvements in the sanitary condition of 
the town, consisting of ^'imperfect but extensive 
nuisance removal and public cleansing .... by the 
regulation of common lodging-houses, and, since 
1859, by a spontaneous reduction of crowding; since Sevcmi 
1861 by the introduction of ample good water, and by ^"^^"^^^ 
the services of an officer of health" (p. 83). Alnwick, 
with a mortality of 205 in the epidemic of 1849, did 
not suffer at all in 1854 or 1366. Salisbury, from a 
mortaUty of 180, descended to one of 14^, while in 
1866 it was untouched. There is no exception to 
this reduction. The case of Ely, of which it is said 
that ''cholera, which had caused scattered deaths 
only before 1853, produced in that year and 1854 a No real 
small epidemic mortality ; in 1866 two deaths only ®*^P"®°- 
from cholera were registered " (p. 166), not being at 
all an exception, for the small epidemic in 1853-54 
which occurred there was just at the very commence- 
ment of the sanitary works, and before the houses 
were connected with the new sewers. 

But perhaps the most important result of these 
researches of Dr. Buchanan is the demonstration of Reductioa 
one, at any rate, of the conditions most favourable to rate of 
the prevalence oi phthisis ; a condition, too, which can P * ^*^ 
in most cases be very easily removed. We were pre- 
pared to find that the mortality from cholera and 
from typhoid fever, and also that the general death- 
rate, would be diminished by these sanitary improve- 
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^M to ^ meats ; but, as Mr. Simon says in his Report, we were 
'not in any degree prepared" for ''the novel and 
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dndiu««. most important conclusion that the drying of 

sail fohich ka$ in mast cases accompanied the laying of 
main sewers in the improved towns has led to the dimi- 
nution, more or less considerable, of phthisis ** (p. 16). 
It appears that in such towns as Salisbury, Ely, 
I^ugby> Banbury, and so forth, where, as we have 
already seen, the drying of the subsoil has been con- 
siderable, the deaths from consumption have been 
reduced by a third or a half of their number. In 
Leicester, during the time the sewerage works were in 
progress, and for a short time after, when there was 
nneiaft. a great reduction in the subsoil water, the death-rate 
bqUoU of phthisis '' had subsided by 41 per cent, of its 
inphiMdi prcvious smouut at all ages, and by 32 per cent. 
dMth-nte. yj j^q death-rate of females at the middle age of 

life Since the completion of the works, there is 

reason to believe that water has risen again in the 
subsoil, while the phthisis death-rate has somewhat 
risen also, but still remains much below its original 
amount" (p. 49). In the towns, on the other hand, where 
the drying of the subsoil has been inconsiderable, or 
has not taken place at all, ^' phthisis has been sta- 
tionary, or has even increased." In some cases, as at 
Penzance and Brynmawr, this is due to the fact 
that the soil already contained little water, and 
Deereue SO happened not to require * draining ; but such 
saUoTi ^ cases plainly form no exception to the rule. This 
■pj^iy drying of the subsoil has, we have already seen, 
only been effected in towns which have large sewers, 
or deep storm culverts in addition to the pipe system, 
that is to say, " which have had special arrangements 
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made for drying their subsoil, as Salisbury ;'' and that 
on the other hand, where pipe-sewers have been con- 
structed with only superficial culverts for the storm- 
water, or even without these, no drying has taken place, where 
It is precisely in these towns — as Stafford, Morpeth, ^rvioug 
Ashby, Alnwick, and so forth, which have not had a ^^^n, no 
special arrangement for drying the subsoil, while pro- p^^]!^.*** 
vided with impervious pipe-sewers — that the death- 
rate from consumption has not improved, or has even 
iucreased. It must also be especially noticed that 
many of these last-named towns '' have achieved the 
greatest possible progress in the removal of their filth." 
At Worthing and Rugby, where the pipe system is 
carried out, although no special arrangements were 
made for carrying off the subsoil water, it would except 
appear that a great deal of it gets away — in the case ddenur 
of Rugby by means of the old sewers which are still of^ubi^i 
left, and, in the case of Worthing, along the sides of 
the pipe-sewers ; and this would account for the con 
side'rable reduction in the mortality, under this head, 
of these towns. Carlisle and Chelmsford, on the other 
hand, have not received any benefit from the reduction No benefit 
of the amount of their subsoil water, because local rou^te ' 
conditions have nullified this effect. The environs of {^^ed. 
Chelmsford still get flooded through the action of a 
mill-dam, and one part of Carlisle is " so low that the 
subsoil is water-logged at all times^ and, in flood, is 
practically under water *' (p. 107). Zuti^ diseases (other 
than consumption) would appear to have undergone no 
regular reduction in amount in the several towns, other long 
In some cases their mortality has increased, especially often^ 
among old people, "who, it may well be believed, Si^*^ity: 
having had their lives prolonged by the subsidence of 
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other causes of death, died afterwards from the lung dis- 
orders incident to old age '' (p. 50). We cannot refrain 
from quoting the last sentence of Dr. Buchanan's Sum- 
maiy Report, which expresses the opinion of all who 
Improve, havc secn anything of the results of sanitary improve- 
other par. ments. *' The progress made by the inhabitants of most 
"^ of the twenty-five towns, in decency, cleanliness, self- 

respect, and morality, was at the least as striking as the 
improvement in their health, measured by the mortality 
returns." These researches show, in the most conclu- 
sive manner, that the removal of filth from a town, at 
once and in the most expeditious manner, is the way 
to decrease general death-rate, and the death-rates 
especially of cholera and typhoid fever, and they show 
Cholera also that the introduction of the water-closet system 
phoi/feyer ^^^ cfiectcd most wouderful changes in these respects ; 
prevented. *'^^^ proving to demonstration that the prevalence 
of the diseases above mentioned, which we have 
before shown to have been co-existent with ac- 
cumulations of filth, was not merely co-existent 
with them, but due to them, or at any rote fostered 
by them; and they have shown that besides this, 
wherever the sewers have been also subsoil drains, or 
Even where special arrangements have been made for drying 
control! " tlie subsoil, the death-rate of phthisis has wonderfully 
**We. diminished. We must therefore conclude that — since 
most authorities. Parent Duchatelet included, agree that 
the channels for the removal of excretal refuse should 
Necesgity be impcrvious, and should, where practicable, be 
o^^ sepa- jjjgj^gjy glazed stoneware pipes — ^it is absolutely neces- 
system. ^^^j ^^^^ ^^^ jj^^ ^Qxne time there should be a special 
system of deep rain-water culverts to ensure the drying 
of the surface and of the subsoil. 
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When sewers do not properly perform their duty in 
removing expeditiously the refuse matter, but from Results of 
bad construction or from want of flushing are allowed gtmctiun ; 
to become partially filled with foul matters which 
putrefy and give off noxious gases, and when, further, 
from faulty ventilating apparatus, as, for instance, 
imtrapped gulley-holes, these gases are allowed to 
escape into the air of the town, all the results of want 
of removal of excrement may be expected. 

Thus, with the system of trusting to the rainfall 
to flash the sewers, it is found that after heavy storms 
the sewage, so far from being weaker, is, especially 
when it comes through badly constructed sewers, very 
many times stronger than it is ordinarily, and this is of flo^hiug 
simply because it has stirred up and washed away the rainfoii. 
deposit of filth which has been accumulating. 

Dr. Acland has shown us, in his account of the 
cholera at Oxford, that the virulent epidemics of it 
are preceded by droughts, remarkable droughts, 
making the total rainfall of cholera years sometimes 
as much as 10 inches less than the annual average, 
and we cannot fail to see the connection of this fact 
with the greater accumulation of filth that takes place 
in the drain-sewers under such circumstances. 

The outbreak of cholera in the City of London 
Union Workhouse, in July 1866, the causes of which Ghoiem 

•^ communi- 

were mvestigated by Mr. RadcUffe (Ninth Report of cated by 

^^ ^^ * B6W6r All* 

Medical Officer of the Privy Council), was shown to 
have taken place, in all probability, from a sudden 
efflux " of sewer air from a drain containing choleraic 
evacuations,'' which efflux was favoured, if not caused, 
hy rapid and considerable changes in temperature and 
barometric pressure. {Loc. cit p. 316.) 
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At TheydoQ Bois, iu Essex, an outbreak was 
caused in 1865, in the following waj: — A man and 
Drinking his wife Came home from Southampton, where cholera 
^Hl^^lij^^* had appeared eight days before. 

water. " ^th used a water-closet on the first floor, between the 8o2- 

cloMet pipe of which and the well supplying the house with drinkiDg- 

^^' water, there was (as subeequentlj discoTered) free commoni- 

cation. The water tainted with the diarrhoaal dischazges ma 
used by the family and the man and boy mentioned, for fiye 
full days, during and subsequent to which several of the mem- 
bers were attacked with malignant cholera." (Ninth Bepitrt 
M. 0. P. a p. 304.) 

Three persons not using the water, but who had 
been in communication with the sick, were also at- 
Ftui tacked. ''Of the twelve cases, nine ended fatallv, 
**" ^ including the head of the family and his wife." 

Many similar cases might be given, both with 
regard to cholera and typhoid fever, but enough has 
been said to convince us of the truth of Dr. Duncan's 
remark, that " the prevalence of fever and the rate of 
mortality proceed inversely as the efficiency of sewer- 
age." {First Report H.o/T. C. 1844, vol. i. p. 152) 
Water The general introduction of the water-carriage 

agrcS system has therefore been a great sanitary benefit, 
benefit. gjjj whcrcver it has worked badly it is owing to 
most flagrant mismanagement or want of reasonable 
precaution. 

The great charge brought against it is that of 
carefully connecting every part of the town, the streets, 
and even the interior of houses, with a series of filthy 
underground channels in which foul gnses accumulate^ 
and rising to the highest parts escape and pollute the 
atmosphere. That proper flushing will easily prevent 
the formation of any great quantity of these gases, we 
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bave instances enough to show, and that they may be 
removed inoffensively by ventilating shafts when they Flushing 
do accumulate, is also certain ; but that by careful ution of 
avoidance of flushing sewers of low gradient which "^J^JIJary. 
require it, and thereby favouring the deposition of 
iilth, and by neglecting to provide any ventilating 
shafts, sewer gases may be manufactured in large 
quantities, and driven effectually into the streets and 
even into the interior of houses, is an undoubted fact 
and requires no demonstration. Nay, more than this, 
apparatus excellent in idea up to a certain point may 
be so cunningly devised as to act well for a time 
and under ordinary circumstances, and yet, just when . 
its services are most wanted, to fail in the most 
abject manner and with the most disastrous conse- 
quences, simply because it has been expected to 
perform two perfectly incompatible functions. 

At Croydon the descent-pipes from the water-closets 
were ventilated by a pipe which passed upwards from 
them (below the soil-pan and syphon) towards the 
roof— an excellent plan ; but this pipe, instead of rising ventiut- 
above the roof and ending in the air, was made to end ^^^^^ 
near fie upper part of the rain-water cistern, and to act ^^^ ^^' 
as its waste-pipe ! And what was the result ? Dr. cUtem. 
Alfred Carpenter describes it thus (see Ninth Report 
of Medical Officer of Privy Council, p. 104) : — 

"On the night of Ootober 17th I was aroused by a loud noise 
proceeding from the closet ; it continued at intervals throughout 
the next daj. Unable at first to account for it, I eventually 
foand that it was caused by the ventilating-pipe doing duty as 
vaste-pipe to the overflowing cistern (during a very heavy rain- Sewer air 
fell). There was no room for exit of foul air from the sewer, jUj^ge^ "* 
vhicb, therefore, was forced through the trap of the water- 
closet, with, at times, the force of steam through the safety- 
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▼alve of a steam-engine. The uuisaoce oontinued for nearlj 
three days, before the weather would allow the plumber tx) 
rectifj a miBtake which had been committed in the previous 
summer, the mistake of making the ventilating-pipe do du^ 
for a waste-pipe. The escaped air did not smell offensiTely, a 
fiiint odour alone being recognized; it was therefore thoughtlndy 
tolerated : the excessive rainfall also prevented much ventilatiou 
of the house by open windows. Two or three days afterwards, 
one of the occupants of a room, the farthest in the house from 
the closet, fell ill with symptoms of typhoid fever, and in a few 
days the other person sleeping in that room also showed dgm 
of the disease ; no other person in the house suffered from it 
Into the room occupied by these two persons the foul air from the 
closet, as proved by experiment, naturally ascended. Simultane- 
ously with the origin of these cases appeared many others in vari- 
ous parts of the town, and in every case in my own practice in 
which enteric or typhoid fever occurred, I distinctly traced local 
causes for the disease in some defective housework. It generally 
happened that the smell was not enough to lead to the discovery 
of the defect, a faint odour alone being perceived." 



It would be difficult to imagine a more ingemous 
method for delivering sewer gases at high pressure 
into houses than the one above described, and it 
succeeded only too well. 

But such mistakes occurring simply through want of 
forethought do not in any way show the incapacity of 
the water system of removal. That a certain builder 
chose to ignore the fact that gases cannot freely rise up 
MiBtakes. a pipe while water is rushing down it, and that 
ventilators are most wanted to be in an efficient state 
when the sewers are suddenly flooded with water and 
the gases consequently under considerable pressure; 
that he considered himself justified in saving a few 
feet of piping by the proceeding that he adopted ; and 
that the results were most lamentable, are simply facts 
which show the necessity of educated sanitary inspec- 
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tion. They have nothing whatever to do with the Not the 
general question of refuse removal. Who would gygtem. 
think of condemniug the iDtroduction of coal gas into 
houses because there are occasional instances of gas 
escaping from faulty 8topcock3? 

Coal gas is no doubt a very dangerous thing if 
proper precautions are not taken to ensure its being 
kept in its own place ; but it is not merely its con- 
venience and cleanliness that have caused it to be 
almost universally adopted in preference to oil lamps ; ck>ai gas 
it is a fact that the occurrence of accidents with it can dang^rox^ 
be effectually prevented, and it is for this reason that Jj^g^ 
it is always used in preference to oil lamps, where 
any danger is apprehended. It is not merely the 
f;reat convenience of water-closets that has ensured 
their general adoption, but the thoroughgoing manner 
in which they remove excretal matters from the 
premises at once. 

Of the sanitary advantages of water-closets, and 
especially of the trough-chset^ over middens and 
cesspools, Liverpool affords us a most instructive in* 
stance. Dr. Trench writes as follows : — 

In 1868, "there raged a wide-spread epidemio of typhoid fever Typhoid 
in the town, and in the rural districts in the Ticinity of the ^*^®^ 

town While in the families of the rich in their costly in rich 

suburban dwellings there was raging a fever, clearly and un- parte, 
mistakably due to the pestiferous emanations from ill-drained 
cesspools or other collections of filth or decomposing organic Not where 
matter, the districts in the borough of Liverpool known as the t">"^b wa- 
fever districts, and wherein no middensteads or cesspools were in poor 
allowed by the Council to remain unaltered, continued during the neighbour- 
whole period of the epidemic remarkably healthy and free from ^ ^ 
fever." {First Report E. P. <7., 1868, vol ii. p. 307.) 

The experience at Birkenhead of the working of the 
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tumbler-closet is equally satisfactory where it has been 
properly fitted up. 

Mr. Thorbum the surveyor finds that as compared 
with the ordinary privy " the tumbler closet for sani- 
tary purposes is undoubtedly the better of the two/' 

All other systems than that of removal by water go 
upon the principle that it is not dangerous to leave 
excretal matters, either in a crude state (pail closets] 
or mixed with some absorbing or deodorising material 
(various other forms of closet), for a certain time in 
or about houses. The fundamental principle being 
obviously a wrong one, it is not to be wondered at 
that such systems continually fail. When pails get 
over-filled, or slops are thrown down earth-closets, 
the results may be better imagined than described ; 
and it has practically been found necessary to con- 
struct earth and ash closets so that the fluids may run 
away into the sewers, while the solids (comparatively 
worthless as they are) are carefully kept upon the 
premises, being partially rendered inoffensive by ad- 
mixture with ashes or earth, or dried by a rotatory 
disc under the seat, or by some other contrivance. 

" There is one evident objection to all these dry plana, tul 
that the excreta are retained about our houses for some time. 
Ko doubt when mixed with earth they are inodorous, and it is 
presumed harmless ; but of this no evidence has been given. 
What would be the result of cholera or typhoid discharges re- 
ceived in earth and allowed to remain in the house f* (Dr. 
Parkes : Hygiene 3rd ed. p. 354.) 

The water-carriage system, . on the contrary, sends 
all the refuse matters at once to a distance in the 
cheapest manner possible, by the mere action of 
gravity : this is plainly a safe principle to go upon, 
and that it acts in practice may be seen by any one 
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who chooses to examine the faecal matters in the 
sewage at the outfall of a town suppUed with imper- 
vious pipe-sewers properly flushed ; he will find them 
fresh and undecomposed. 

The above considerations induce us to endorse the 
gCDcral opinion in this and other countries^ that the 
"cabinet anglais ^' is in all essential particulars far 
superior to every other form^ not even excepting the 
"cabinei inodore.^' 

Figures are stubborn things to deal with, and the 
sanitary benefits already obtained by this system are 
so astonishing, that we have a right to demand from 
those who would supplant it, proof of much better 
results realised by some other method, and not mere 
doubtful probabilities. 



N 



CHAPTER VIIL 

VALUE OF SEWAGE. — INJURY TO RIVERS. 

The compositioii of sewage varies so much, not only 
in different towns with the amount of water supply, 
but in the same town from day to day, and even 
from hour to hour, that in estimating the composition 
of any given sewage it is not only necessary to take 
Avenge samples of it at least once every hour for twenty-four 
how u^en. hours, and to mix them in order to procure an average 
sample, but these various samples must also be mixed 
in direct proportion to the amount flowing as indicated 
by the gauging at each time of collection. It is plain 
that if a gallon of sewage, taken at a time when the 
liquid is running very low in the sewer, be mixed with 
another gallon taken at a time when the sewer is much 
fuller, the mixture does not represent the average 
composition of the sewage at the two times. A 
gallon of the one should not have been mixed with 
the same quantity of the other, but with a quantity 
proportional to the amount running through the 
sewer at the time. These considerations not having 
been borne in mind in the collection of samples 
for analysis, the results hitherto obtained must be 
received with a certain amount of caution ; but still 
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an average taken of accurate analyses made to 
ascertain the composition of the sewage of a great 
number of towns may be fairly taken as representing 
to all intents and purposes the composition of sewage. 
Such an average is given in the First Report of the 
Rivers' Pollution Commissioners (1868), where it is 
shown (vol. i. p. 29) that in water-closet towns 1 00,000 Average 
parts of sewage contain 72*2 of total solid matters in Sonf^*^ 
solution, in which there are 4'696 parts of organic 
carbon, 2'205 of organic nitrogen, 6*703 of ammonia, 
an almost inappreciable quantity of nitrogen as nitrates 
and nitrites, the total of combined nitrogen being 
7*728 parts, and the chlorine 10*66. Besides these 
matters in solution, the 100,000 parts contain 44*69 
of suspended matters, of which 24* 18 are mineral 
and 20*51 organic. But it must be carefully borne 
in mind that this is an average, and that there are 
extremes. To take the total combined nitrogen as 
an example, it was found to vary, in the London oroatvari- 
sewage alone, from about 3 parts to more than 1 1 in * *^^' 
the 100,000, while in all the samples examined its 
variation was from 2*371 — the Norwood sewage, on 
February 25tb, 1869 (which sewage, however, on 
March 12th contained 9*681 parts of combined 
nitrogen) — to 24'325 parts, the amount contained 
in the sewage of Woking prison on July 9th, 1869, 
These variations are not to be wondered at when 
not only the differences in the amount of water supply 
are taken into account, but the fact that in the drain- 
sewers of most towns the subsoil water, the ordinary from 
rain water, and even the storm water, pass along amoantof 
with the sewage and dilute it. Sewage then, under water biV 
these conditions, which is very strong at one time, p*^' *^ 

N 2 
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may become exceedingly diluted at another, and this 
is the great difficulty that has to be encountered in 
any attempt at the utilisation of town sewage. 

^' Sewage is a very complex liquid ; a large proportion of iU 
most ofTensiTe matters is of course human excrement, discharged 
from water-closets and privies, and also urine thrown down 
gully-holes ; but, mixed with this, there is the water from 
kitchens, containing vegetable, animal, and other refuse, and 
that from washhouses, containing soap and the animal matters 
from soiled linen. There is also the drainage from stables and 
cow-houses, and that from slaughter-houses, containing animal 
and vegetable offaL In cases where privies and cesspools are 
used instead of water-closets, or these are not connected with 
the sewers, there is still a large proportion of human refuse in 
the form of chamber-slops and urine. In fact, sewage cannot be 
looked upon as composed solely of human excrement diluted 
with water, but as water polluted with a vast variety of matters, 
some held in suspension, some in solution." (First Report of 
Rivert^ Pollution Commiss loners , 1868, vol. i. p. 13.) 

The quantity of these matters and the value of their 
constituents as manure can be very easily determined, 
and we have already seen that the estimated value of 
the annual voidings of an average individual of the 
mixed population of all ages and both sexes, is 8^. Ad. 
if the amount of ammonia be considered to be 
12^1bs. ; but if we consider with Messrs. Lawes and 
Gilbert that this amount has been somewhat ex- 
aggerated, and that ten pounds of ammonia is a fair 
estimate of the average individual amount, the sum of 
65. 8d. would then represent the total annual value of 
averac:e human excreta. This is the lowest value that 
has been assigned to it. If then the number of indi- 
viduals in a town were known, and the amount of 
waste water turned into the sewers tolerably constant, 
as it would be were the rain-water excluded, the value 
per ton of the sewage varying inversely as the dilution, 
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this value at any given place might be simply calcu- 
lated from the number of inhabitants, and could be caicaia- 
easily corrected by the results afforded by the analysis number"of 
of an average sample collected in the manner above }^^^' 
described. But the actual circumstances of the case 
and the extreme variety in the degrees of dilution of 
' the liquid in drain-sewers must necessarily give very 
different degrees of value to the same sewage at dif- 
ferent times, not to speak of the diurnal variations impossible, 
necessarily caused in all cases by the fact that the abmty^of 
greatest part of the refuse matters is discharged into ^^^"^^°^- 
the sewers in the early part of the day, and compara-» 
tively little at night ; so that the night sewage is in 
many towns little else than water. 

The chief valuable ingredients of sewage are, first, 
the different forms of combined nitrogen, and then, 
phosphoric acid and salts of potash. "The money 
value of these constituents dissolved in 100 tons of 
average sewage is about 15«., while the suspended 
matters contain only about 25. worth of them." That 
is to say that 100 tons of average sewage are worth Value, 2/^ 
17^., or about 2d. a ton. This value, given by the Rivers' 
Pollution Commissioners {First Reporty vol. i. p. 52) is 
very nearly that assigned by Messrs. Hofmann and 
Witt, in their Report upon the subject. They found 
that sewage collected on the 13th of May, 1857, at 
various times, and mixed, contained 94*7 grains of Compoa - 
solid matter in a gallon, of which 1 9 were in a state 
of suspension, and 75*7 in a state of solution; 
and on the 11th of June a mixture of samples 
contained 111 gi'ains, of which 32'7 were in 
suspension and 78 in solution, and they found 
that six-sevenths of the valuable matters were in a 



182 



VALUE OF SEWAGE. 



Qaantity 
and value 
of consti- 
tuents. 



Diiisolved 
mattera 
far more 
raloable 
than sus- 
pended 
only. 



Variation 
of value , 
with dilu- 
tion. 



state of solution, and only one-seventh in suspension. 
They considered that the average might be taken as 
100 grains of solids per gallon (i.e., per 70,000 
grains), and that therefore 70,000 tons of sewage 
contained 100 tons of solid matter. Of total nitrogen 
they estimated 6*7 grains in a gallon, of phosphoric 
acid 18 grains, of potash 1 grain. Now, 100 tons of 
solid constituents contain eight tons of ammonia, and a 
ton of ammonia in the form of guano is taken as being 
worth £56 (a value which is now too low) : the total 
value of the ammonia is thus found to be about £447; 
and employing the same process for the rest — that is, 
taking the commercial value of each of the constitu- 
ents — the 100 tons of solid matters are found to be 
worth £601 35. 6d., or £6 05. 3rf. a ton: of these the 
dissolved matters are worth £5 5^., and the suspended 
matters 15^. 3d. Since one ton of solid matter is 
contained in 700 of sewage, it follows that 100 tons 
of sewage are worth l7s. 7fi?., or a little more than 
2d. a ton. Messrs. Lawes and Gilbert, in their paper 
before quoted, have given a table in which the value 
per ton of the sewage is estimated at various degrees 
of dilution, and it is there shown that if the dilution 
of the dry weather sewage of London be taken, as in- 
dicated by recent gaugings, at about '^24 gallons 
per head per day, equal to a rate of 40 tons per head 
per annum," the estimated value per ton of it is nearly 
2^d., if 12^1bs. be taken as the amount of ammonia 
per head per annum, and 2d. if that amount be taken 
as lOlb. These values decrease with increasing dilu- 
tion until, when this amounts to 200 tons per head 
per annum (or 122f gallons per head per day), "the 
probable frequent dilution in wet weather, inclusive of 
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rainfall and subsoil water/' the value is only a half- 
penny a ton in the one case and two-fifths of a penny 
in the other. 

In the Third Report of the Sewage of Towns 
Commissioners (1865), it is considered that 60 tons 
per head per annum is the average amount of normal, 
or dry weather sewage in the metropolis. 

^ It is farther variously estimated that by subsoil water and 
rainfall, the bulk of the fluid wiU be increased by from two- 
thirds to an equal volume. Adopting the lower of these suppo- 
sitions, which, if too low, will allow something for the occasional Lowest 
escape of storm- water, we have the 100 pence worth of consti- ®»^i™*t«« 
tnents distributed through 100 tons of fluid, giving to it a value 
of one penny per ton according to the estimated market value 
of its manurial constituents.^' (Loc, cit, p. 42.) 

If we take now the estimate of Baron Liebig and 
Mr. Ellis, that 266,000,000 tons is the total annual 
amount of dilute London sewage; we find that at one 
penny a ton its value is £1,108,333 6*. 8d. There 
can he little doubt that the average of 100 tons per 
head per annum is greater than the average dilution, 
so that this estimate is the lowest that can be formed. 
To take, on the other hand, the value of the excreta of 
each individual of the population as above given, it 
will appear that the sewage from 8,000,000 people 
ought to be worth just £1,000,000, if only 6*. 8d. be Value of 
taken as the value of each person's excreta ; but that 
the same quantity would be worth £1^250,000 if the 
higher value of 8^. 4d. be taken. The average sewage 
of the dilution above stated, namely, 100 tons per 
head per annum, is found to contain 3*91 grains of Rough way 
ammonia per gallon ; that is to say, with about four ?4*th™*^ 
grains of ammonia in the gallon, the sewage may be "^^^^ ^^ 
considered to be worth one peimy per ton; or for 
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each grain of ammonia per gallon the sewage is worth 
a farthing per ton. We may remark in passing, tbt 
very much higher values than this have been assigned 
to the sewage of the metropolis. Thus, Messrs. 
Hofmann and Witt considered that the total amount 
of the metropolitan sewage not including rainfall was 
about 95,000,000 gallons a day, or about 158,000,000 
tons per annum (as 224 gallons weigh a ton), and 

Mtfmatet. Calculated that it was worth £1,385,640 a year; and 
they considered that the theoretical value of the 
excreta of 2,600,000 people was £1,444,177. {First 
Report of Select Committee on the Sewage of Tovm, 
1862 : Dr. Brady's.) This estimate, being deducted 
from the value of the excreta of a full-grown man, is 
too high for that of a mixed population. 

The above estimates are quite thrown into tbe 
shade by Baron's Liebig's calculations. From experi- 
ments of which we do not know the nature, he seems 
to have come to the conclusion that the annual value 

^"■^P, of the metropolitan sewage is no less than £4,081,430 

Yftiuation. sterling. But throwing aside all these higher valua- 
tions as either extravagant or unnecessarily high for 
our purpose, we ask, with the writer of a paper 
containing practical suggestions for removing all the 
sewage from the dwellings in and about LondoQ, 
^' Shall the sewage of the metropolis, calculated to 
worth more than a million annually, be toorse U 

Sewage wasted.'^'' That sewaee is wasted when turned intt 

" worae 

iiian a watercourse cannot be denied by any one ; that 

is worse than wasted we shall now proceed to show. 



wisled." 
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INJURY TO RIVERS. 

The eflFect of sending the sewage into rivers is in- 
jurious from many points of view. Let us first con- 
sider the rivers merely as watercourses, without any 
reference to the subsequent use of the water for 
drinking purposes. The Sewage of Towns Com- 
missioners, in their First Report in 1858, make the 
following statement : — 

"The discharge of a large body of sewage into a river or Rivers 
watercourse is frequently not only productive of nuisance and *^[? 
disease to the neighbourhood where it takes place, but its in flu- sewers, 
enoe extends to distant populations. Many rivers, especially in 
the crowded districts of the North of England, pass through 
several towns in their course seawards, and, receiving from each 
ita complement of sewage filth, are even now little better than 
sewers themselves, although comparatively few of those places 
have yet carried out any complete works of water supply and 
Bewerage." {Loc. cU, p. 9.) 

The suggestion implied at the end of this quotation 
makes us remark that the more perfectly water-closet 
; and sewerage arrangements are carried out, with all 
the immense advantages from a sanitary point of view 
we have already shown ihem to afford to towns, they stiii worse 
will only increase any detriment that may be done to gewerage 
the rivers so long as the sewage is allowed to pass S^*"' 

. into them. Of the Tame, it is stated that before 
iPeaching Birmingham it " receives the sewage of a 
Dumber of towns containing a total population of no 

* less than 270,000 persons. A small stream in itself, 
it may without exaggeration be said, during dry 
seasons, to contain, at Birmingham, as much sewage 
as water. That such a stream, traversing a densely 
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populated town, and exposing to the air a large 
surface of putrid liquid, must be very injurious to 
health, no one can doubt/' 
inflaenee The influence of the emanations from such rivers 
tionTfrom upon the health of the people living in towns upon 
health not *^^^^ banks, has not, however, been distinctly traced, 
^®^^; owinff to the fact that the other causes of disease in 

mined. ^ 

these towns throw this one into the shade, and from 
"the difficulty of estimating apart the influence of 
the river upon health in the presence of morbific in- 
fluences so much more powerful than itself." 

From the Ninth Report of the Medical Officer of 
the Privy Council (p. 152), we find that at Sahsbury, 
the branch of the Avon into which the sewage flows 
" has to be frequently cleaned out, or it would get 
choked by the sewage and rank weeds /' yet there is 
very little ofience, probably, from the very fresh state 
of the sewage, the sewers acting remarkably well. 
Offensive At Stratford, " the river is befouled by the sewage 
of rivers!^ whcrc it cutcrs half a mile below the town, and there 
is considerable offence to eye and nose at the outfall. 
Evidently the sewer does not carry off night soil 
before it has had time to decompose. The river used 
to be a beautifully clear stream." 

Dr. Acland's evidence before the Sewage (Metro- 
polis) Committee, 1864 (Lord Robert Montagu's), 
shows the condition of the Isis at Oxford : " Masses 
of black sewage which have been deposited are 
thrown up to the surface, and, being light, float upon 
the surface and are carried down, and then in course 
of time either those masses become disintegrated and 
generally dispersed through the water, or they get 
re-deposited." {IfOc. cit, p. 148.) 
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With regard to the northern towns, the Rivers' in north- 
Pollution Commissioners (1868) in their First Report 
have brought forward a considerable amount of 
evidence. All the sewers pass into the rivers, and — 

'^ The improvements in the sewerage works of Bury and of 
tlj^ towns above have bad an injurious effect on the water of 
both rivers (the Irwell and Roch), making it more offensive." 
The people complain tbat tbe water " is most offensive to the 
sight and smell ; tbat it is unfit for use ; that even when used for 
steam-engines it clogs up tbe boilers and is injurious to tbe 
machinery." 

As a summary of the evils thus produced the 
Commissioners remark : — 

"The effect of tbis conversion of tbe rivers into common sewers 
is most injurious : all complain, even those who, while suffering 
from the inconvenience and annoyance whicb such a state of 
things entails, add to tbe nuisance by themselves following the 
general example. While they whose property happens to lie on 
the stream, even many miles below tbe towns, are sufferers in a 
variety of ways. Are they farmers ? Their cattle cannot drink Injuries 
of the stream passing through tbeir meadows. Are they Ji^^Jf* " 
dwelling on or near the bank of tbe river ? Tbey are driven riven, 
from home by tbe stench which renders tbe place unbearable. 
Are they compelled by duty to remain on tbe spot 1 They are 
subject to perpetual annoyance, and, as alleged, in many instances 
to ill healtb. Have tbey property ? Its value is often dimi- 
nished; a bouse remains teuantless; land is .unsaleable, except at 
a reduced price." {First lieport, voL i. p. 12.) 

Another evil, besides the general one which has been Deatmc- 
noticed above, is the destruction of fish in the rivers, fish, 
thus referred to by the Sewage of Towns Commissioners 
[lirst Report, p. 11) : — "The salmon fisheries of Scot- 
land and Ireland not only represent a property of large 
annual value, but they form the occupations and liveli- 
hood of a very considerable population. Apprehensions 
are already entertained of serious injury by the daily 
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increasing quantity of sewage thrown into the rivers,and 
efforts have been made with a view of arresting the 
evil/' It is then stated that in the ease of Leicester the 
fish which had been driven from the river returned to 
it as soon as a process '^ for neutralizing the offensive 
and noxious properties of the sewage discharged into 
the river " had been adopted (the "ABC" process). 
A still more serious question is that of the silting 
up of the rivers by the deposit of the solid material 
of the sewage. In the Second Report of the Sewage 
of Towns Commissioners (1861), p. 8, we find that — 

*' With regard to the Mersey, there is said to be evidence 
already that the bed is raised, that the deposit has permanently 
much increased. ... At Bath the discbarge of sewage into the 
River Avon is said to have so increased of late years as to 
impede the navigation. . . . The drainage of Glasgow is stated to 
produce deposits in the harbour of the Clyde at the rate of 
100,000 cubic yards yearly, and to entail an expenditure of 
£8,000 per annum for its removal. . . . The streams flowing 
through Birmingham are said to have permanently silted up 
their beds some four feet high, and serious damage to land aud 
property by flooding is the result." 

In the northern towns examined by the Rivers' 
Pollution Commissioners, the amount of ashes and 
rubbish of various sorts thrown into the rivers no 
doubt helps to silt them up so fast, but in some of 
the instances above given this is efiected entirely or 
almost so by the deposit from the sewage itself. In 
1867 the secretary of the Thames Conservancy Board 
drew the attention of the Metropolitan Board of 
Works to the fact of "the formation of extensive 
shoals in the River Thames, outside the Main Drainage 
outfalls near Barking Creek and Crossness/' sending 
also copies of plans and sections made by the engineer 
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of the Conservators of the River Thames, from surveys 
made in 1861 and 1867, " which show the extent to 
which the deposit of material from the sewer outlets 
has taken place on the bed of the river." From these 
it appeared that between 1861 and 1867 the deposit 
of mud had been very extensive. Near the southern southern 
outfall the deposit "occurred to the greatest extent ^"* ^' 
on the lower side, where a depth of fully seven feet has 
been discovered ; in front of and above these works 
there is also a considerable increase." Near the 
northern outfall, on the contrary, the greatest accu- Northern 
nmlation took place on the upper side as far as 2,000 
feet above the point of delivery, in several places a 
depth of seven feet of mud having formed. That 
this mud, although extending so far above the out- 
fall of the sewer, was really deposited from the 
sewage and carried up by the tide, is evident from Deposit 
its composition. It was found by Dr. Letheby to bytlde."^ 
contain not less than 15|^ per cent, of organic matter, 
and besides that '* an unusually large amount of car- 
bonate of lime in a crystalline condition," which may 
be taken as evidence " that the alkaline constituents of 
the sewage are decomposing and precipitating the cal- 
careous constituents of the water and thus adding to the 
bulk of the deposit." " The result of the survey shows 
that near the northern outfall a space of more than Area of 
forty acres, and near the southern outfall of about ^®p*^*^ 
120 acres of the bed of the river has been covered 
by a deposit varying in depth down to seven feet." 
(Stephen Leach, Esq., Engineer.) Mr. Bazalgette 
considers "that alterations have taken place in the 
bed of the river, but that there has been only a very 
small increase in the total quantity of deposit." He 
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finds that between the years 1864 and 1867, that 
is since the outfalls began to discharge, the deposit 
had increased in some places to the extent of 
Deposit 983,000 cubic yards, and in others had decreased 
in some about 923,000 cubic yards^ leaving a total increase of 
^**^* about 60,000 cubic yards. But some plans which 
have been made this year show that the low-water 
line in some places above the northern outfall has 
Narrowing receded to the extent of nearly 200 feet, and that it 
stram ^^ ^^ receded considerably both for some distance above 
since 1867. ^^jjj f^j. gome distance below that outfall; and, more- 
over, they also show that at the point above this 
outfall, where the deposit of mud was shown to be 
7 feet in 1867, it is now from 8 to 10 feet in thick- 
ness, and that near the southern outfall it is in many 
places from 5 to 10 feet thick. That is to say, that it 
has considerably increased since 1867, in many places 
at any rate. In fact, considerable banks of mud are 
forming on each side of the river, and promise to 
impede seriously the navigation. That this deposit of 
Deposit luud occurs to such an extent above the northern 
ouSai. outfall would be matter of some surprise had we not 
before us the result of some important experiments 
by Mr. Frank Foster, subsequently repeated bv 
Captain Borstal, R.N., and Mr. Bazalgette, C.E. With 
regard to this point it had been already remarked that 
the sewage discharged **into the river two hours 
before high water arrived at about the same point 
above Barking Creek as sewage discharged two hours 
after high water did by the next flood tide.'' A fl 
was therefore put into the centre of the river opposi 
Barking Creek two hours after high water : " at lo 
water the float reached llf miles below that poin 
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and returned with the next flood tide to one mile Ezpen- 
aboveit, having gone 12f miles that flood, it being SSts,^* 
then a period of spring tides/' Being left on the 
river, it was found that between July 13th and 
July 24th, 1851, it being then a period of neap tides, 
the float at high water was 1 3 miles below Barking 
Creek ; that is to say, that it had gone down the river from 
14 miles during the falling from spring to neap tides, n^p fw^, 
The next spring tides carried it up to " within 5 miles 
below Barking Creek at high water, having worked 
up the river 9 miles from high-water neap tides to 
high-water spring tides." 

"Another experiment was tried at the same place on the 
6th of Augost, 1851, it being then lowest neaps, and the float from neap 
beiog put down two hours after high water. It worked up tp spring 
each succeeding high water till top springs on the 12th of ^ ^' 
Aogust, when it reached 6^ miles above Barking Creek at high 
vater. The float then again worked down the river till the 
20th of August, 9^ miles below Barking Creek, being a distance 
of 16 miles during the falling off of spring tides to neap tides. 
The excess of ebbs over the floods would in this case have been 
about 7 miles in 14 days (in the last case it was only 5 miles Rate of 
in 14 days.) The wind and other causes would vary the result, ™^*'^?° "P 
but it may be roughly assumed that a substance in suspension rirer. 
works up the river about one mile a day at each high water as 
the springs strengthen, and down the river two miles a day as 
they fall off" {Report of Mr, Robert Stepheiuon and Sir William 
Cubitty Lee, 1854. Baaalgette on the Main Drainage of London,) 

These experiments prove conclusively that matters 
suspended in water may, although thrown into it after Matte™ 
high tide, be brought back by the next tide consider- ™ep^rited 
ably above the place of outfall, and there kept for Sut&iL^^ 
some time ; so that it is easy to understand that such 
matters as do not get deposited when going down the 
stream may be brought back again and deposited 
higher up it. 
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POLLUTION OP DRINKING-WATER. 

But, when the water into which sewage is turned 
is to be used afterwards for drinking purposes, consi- 
derations of a still more important nature as regards the 
health of communities arise. It is certain from what 
has already been seen, that water containing excretal 
matters cannot be used for drinking purposes without 
la the great detriment to health, and that it in some cases 
parified causes Very serious diseases. But the question arises 
flow°o/^» as to whether water of a river, which has received the 
river 1 sewage of a town some miles higher up, is purified 
during its course to such an extent that it may be used 
with impunity as a drinking water. The evidence 
collected on this head by the Royal Commission oq 
Water Supply was very various. Dr. Frankland says:— 

** There is no process practicable on a large scale by which 

that noxious material (sewage matter) can be removed from 

Not fit to water once so contaminated, and therefore I am of opinion that 

terwBrd& water which has been once contaminated by sewage or maDure 

matter, is thenceforth unsuitable for domestic use " (p. 80). 

In another place he informs us that about four- 
fifths of the nitrogenous matter contained in fresh 
Nitrogen- scwagc is dccomposcd before the sewi^e, after a nin 
teraipartij of two or three miles, emerges into the river, and that 
posed the remainder '' is decomposed with extreme slowness 
rM?very aftcrwards." In theFirst Report of the Rivers* Pollution 
eiowiy. Commissioners, analyses are given which show this fact 
tolerably clearly. Experiments were made by t^ing 
samples of the water of different polluted rivers at 
various points, making correction where necessary for 
the influx of unpolluted waters. It appears that wh^n 
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• 



the temperature does not exceed 64 deg. Fahrenheit 
a flow of between 11 and 13 miles "produces but little 
efiect upon the organic matter dissolved in the water." 
To remove all uncertainty from the "variability of 
the composition of the river waters at different times 
of the day," experiments were made by mixing Bxperi- 
filtered London sewage with water; "it was then ™*^^ 
we]l agitated and freely exposed to the air and light 
every day, by being syphoned in a slender stream 
from one vessel to another, falling each time through 
three feet of air/* The mixture which originally 
contained in 100,000 parts "267 of organic carbon 
and '081 of organic nitrogen, was found to contain, 
after 96 hours, "250 of organic carbon and '058 of Extreme 
organic nitrogen ; and after 192 hours, 200 of organic dec^^-^ 
carbon and "054 of organic nitrogen. The tempera- ^^^^^ 
ture of the air during this experiment was about 
20 deg. Centigrade (68 deg. Fahrenheit). "These 
results indicate approximately the effect which would 
be produced by the flow of a stream containing 
10 per cent, of sewage for 96 and 192 miles respec- 
tively, at the rate of one mile per hour." They show 
then that at the above temperature, during a flow of 
96 miles, at the rate of one mile an hour, the amount 
of organic carbon was reduced 64 per cent., that of 
organic nitrogen 28'4 per cent. ; while during a flow 
of 192 miles at the same rate, the amounts of these 
two substances were only reduced 25*1 and 33*3 per 
cent, respectively. It is shown that the oxidation ^^j^^^f 
of this organic matter is chiefly effected by the amount dissolved 
of atmospheric oxygen dissolved in the water, " such 
dissolved oxygen being well known to be chemically 
much more active than the gaseous oxygen of the air." 

o 
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It was found, however, that the action of .this dis- 
solved oxygen was not really anything like so quick 
or so perfect as generally supposed, and that 62*3 per 
cent, of the sewage was the maximum quantity that 
would be oxidised during 168 hours, even supposing 
that the oxidation took place during the whole time at 
the maximum rate observed, which was certainly not the 
case, {First Report, R P. C. 1868, vol. i. pp. 18-20.) 

''It is thus evident, that so far from sewage mixed with 
twenty times its yolume of water being oxidised during a flow 
of ten or twelve miles, scarcely two-thirds of it would be so 
destroyed in a flow of 168 miles at the rate of one mile per hour, 

or after the lapse of a week Thus, whether we examine 

the organic pollution of a river at different points of its flow» or 
the rate of disappearance of the organic matter of sewage when 
the latter is mixed with fresh water and violently agitated in 
contact with air, or finally the rate at which dissolved oxygen 
disappears in water polluted with 5 per cent, of sewage, we are 
led in each case to the inevitable conclusion that the oxidation 
of the organic matter in sewage proceeds with extreme slown^ 
even when the sewage is mixed with a large volume of unpol- 
luted water, and that it is impossible to say how fisir such water 
must flow before the sewage matter becomes thoroughly oxidised. 
It will be safe to infer, however, from the above results, that 
there is no river in the United Kingdom long enough to effect 
the destruction of sewage by oxidation.*' 

Mr. Simon's evidence before the Royal Commission 
on Water Supply, above referred to, shows that he 
holds the opinion which has been expressed in the 
above paragraph. He says, " It ought to be made an 
absolute condition for a public wat^r supply that it 
should be uncontaminable by drainage." Dr, Angus 
Smith, while pointing out that the presence of ni- 
trates and nitrites in river water is not a reliable test 
for previous sewage contamination, says that below 
Reading the Thames always contains organic impurities. 
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Sir Benjamin Brodie says, " Medical statistics will tell Hygienic 
you much more about the injurious or non-injurious give the 
character of sewage water than any analysis would a^ceJ* 
do;" and he evidently considers that it is not safe to 
trust even to a long flow of contaminated water for the 
removal of the injurious organic matter contained in 
it; in fact, in his evidence given before the Rivers' 
Pollution Commissioners (1857) he says {First Report, 
River ThameSy vol. ii. ; Minutes of Evidence, p. 49) : 

" I belieye that an infimtesimally small quantity of decayed Sir Benj. 

matter is able to produce an injurious effect upon health. Brodie's 

_ opinion on 
Therefore^ if a laige proportion of organic matter was removed the oxtda- 

by the process of oxidation, the quantity left might be quite tion of the 

flfufficient to be injurious to health. With regard to the oxi- imporitiefi. 

dation, we know that to destroy organic matter the most 

powerful oxidising agents are required : we must boil it with 

nitric aoid and chloric acid, and the most perfect chemical 

agents. To think to get rid of organic matter by exposure to 

the air for a short time, is absurd.*' 

On the other hand. Dr. Miller considers that oxida- Contrary 

opinions. 

tion goes on m rivers to a very perfect extent, and 
that river water, after being contaminated with 
sewage, is safe for drinking purposes, " in the majority 
of instances." There may, hovyever, be cases in which 
danger is present. Dr. Letheby also is of opinion that 
the present water supply of London is a " thoroughly 
wholesome water," and that ordinary sewage mixed 
with its own bulk of water, after floating a dozen 
miles or so, is entirely decomposed, and there is " not 
a particle of that sewage to be discovered by any 
chemical process/' The analyses above alluded to 
show that this is not the case. Dr. Odling and Mr. 
Hawkesley appear to have given the same opinion ; 
and the evidence on this side prevailing over the more 

o 2 
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cautious opinion that it was certainly impossible to be 
sure that water which had been once contaminated 
was ever purified so as to be absolutely safe for drink- 
Conciauo& ing purposcs, the Water Supply Commissioners came 
mLioiie^ to the conclusiou that there was no evidence to show 
that the water suppUed by the London Companies was 
not generally good and wholesome; and that they 
that the could not admit the possible presence of undetected 
ofthewa- gcrms of diseasc as a "conclusive argument for 
wL^not^ abandoning an otherwise unobjectionable source of 
proved. water supply." But we have, in Mr. Simon's Report 
on the Cholera Epidemics of London in 1848^49 and 
1853-54, suflBcient evidence to show that the locaHties 
Cholera in which the cholera was especially prevalent were 
tiwi deter- almost entirely determined by the degree of impurity 
Sip^u ^^ *^® water supply. When the Lambeth Company 
of water, iqq}^ jtg water from the Thames near Hungerford 
Bridge, the people who drank that water died at the 
rate of 12 5 per thousand. When the source of supply 
was moved to the Thames at Thames Ditton, the 
mortality wa& only 3' 7 per thousand, while at the same 
time, and in the same districts, the mortality among 
South the people who were supplied with water by the Souths 
Thames, wark Company from the Thames at Battersea was at 
the rate of 13 per thousand. During the epidemic of 
1866, the causes of which were inquired into by Mr. 
Radcliffe, the chief field of localisation was, on the 
East contrary, north of the Thames, and especially in the 

north^of eastern districts, where there were double the amount 
i86«^^^^ • of deaths that occurred over all the rest of Ix)udon, 
and five times the amount of deaths that occurred 
in the southern districts, which had not only since 
1854 been supplied with better water, but had en- 
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joyed a freer removal of sewage by the completion of 

the South Main Drainage Works. In eflFect, the area Cholera 

of explosion was found to be limited to the district trkte iup- 

supplied entirely with water by the East London water from 

Company, and not only so, but " to approximate with ^^^ ^^^^' 
remarkable closeness to the limits of the districts 
supplied with water from Old Ford." 

''In the northern districts receiving water firom the East 
London Company, and with one comparatively small exception 
from Lea Bridge, the number of deaths from the epidemic 
within this period was 4. In the southern districts, receiving 
water from Old Ford, the deaths from the epidemic were 391." 
*' The explosion, in fact, was confined to an area supplied with 
water by one particular company and from one particular 
source." {mnth Eepart, M, 0. F. G. p. 300.) 

The Registrar-General's evidence is also perfectly 
dear upon this head. He says : — 

^ Six districts are supplied from Old Ford, and every one has Registrar- 
been ravaged by the epidemic. The other 31 districts have, for Qenerars 
six weeks in succession, suffered slightly. The 37 districts are sub- froj^ ^^\^ 
divided into 135 sub-districts ; 21 are supplied with the same districts, 
water, and have all suffered six weeks in succession ; 115 sub- 
districts have suffered inconsiderably. .... By the doctriue of 
chances, it is impossible that the coincidence between this par-, 
ticnlar water and the high mortality should be fortuitous in 135 
cases during six weeks in succession. The force of this induc- 
tion extends over all the area of observation in previous epi- 
demics where sewage water has so often led to cholera out« 
breaks." 

Bat Mr. Radclifie has gone farther than this, and 
be has shown that the water delivered from the Old i>irect evi- 
Ford covered reservoirs had been polluted with water pollution 
from the filthy uncovered reservoirs. In fact, it was water? 
acknowledged by the engineer of the Company that 
at " the close of June or beginning of July-^-late in 
the former month or early in the latter — water teem 
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drawn from the northern uncovered reservoir into the 
covered reservoirs to the depth of three inches^ to sup- 
plement a defective supply from the filter-bedsr More 
than this, it is the fact that on the 26th and 27th of 
Tnwed June, 1866, the discharges of the first two patients 
probability that died of epidemic cholera in the East districts 
fint cMes.* were poured into the River Lea, *' cesspool and canal," 
at Bow Bridge, about 600 yards below the northern 
uncovered reservoir ; and it is certainly a very probable 
assumption to make that the water in the old reservoirs 
got contaminated with cholera evacuations by soakage 
fix)m this river-canal, the water of which, it appears, 
rose 2ft. 9in. on the 29th and 30th of June, some- 
what above the level of the uncovered reservoirs. 
This investigation was evidently carried out with 
such unusual care that no mere opinions can stand 
for a moment against it, and, taken in conjunction 
other eyi- with Mr. Marshall's investigation of the cholera out- 

dence aa to . , 

the propa- break in connection with the water of the Broad 
Soien? Street pump in 1854, where it was shown that a 
special pollution of the water was the undoubted 
cause of the outbreak, and with Dr. Snow's investi- 
gation of the causes of some outbreaks at Wands- 
worth and other places in 1849, must be considered 
as affording a demonstration of the fact that cholera 
may be propagated to a frightful extent by the 
pollution of drinking-water with the evacuations of 
cholera patients. With such evidence as this before 
us, and knowing that the water supply of most towns 
is derived (however undesirable it may be that it 
should be so) from rivers which have towns upon 
their banks higher up, it is difficult to understand 
how the admission of sewage into running streams 
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is not by every one considered to be both disgusting 
and dangerous. We think the evidence that sewage 
is loorse than wasted by being turned into a river is 
tolerably complete. 

The researches of the Rivers' Pollution Commis- 
sioners have induced them to suggest, " having in view 
at present only the chief sources of pollution in the 
basins of the Mersey and Bibble, and the methods of 
cleansing now available, .... that the following 
liquids be deemed polluting and inadmissible into 
any stream : — 

" {a) Any liquid containing, in suspension^ more Definition 
than three parts by weight of dry mineral matter, or ftj^ds. 
one part by weight of dry organic matter in 100,000 
parts by weight of the liquid. 

" (5.) Any liquid containing, in solution, more than 
two parts by weight of organic carbon, or '3 part 
by weight of organic nitrogen, in 100,000 parts by 
weight 

" (c.) Any liquid which shall exhibit by daylight a 
distinct colour when a stratum of it one inch deep 
is placed in a white porcelain or earthenware vessel. 

"(i) Any liquid which contains, in solution, in 
100,000 parts by weight, more than two parts by 
weight of any metal except calcium, magnesium, 
potassium, and sodium. 

**(e.) Any liquid which in 100,000 parts by weight 
contains, whether in solution or suspension, in chemical 
combination or otherwise, more than 05 part by weight 
of metallic arsenic. 

" (/.) Any liquid which, after acidification with suF- 
phuric add, contains, in 100,000 parts by weight, more 
than one part by weight of free chlorine. 
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"(^.) Any liquid which contains, in 100,000 parts 
by weight, more than one part by weight of sulphur, 
in the condition either of sulphuretted hydrogen or of 
a soluble sulphuret. 

^' (//.) Any liquid possessing an acidity greater than 
that which is produced by adding two parts by weight 
of real muriatic acid to 1,000 parts by weight of 
distUled water. 

'' {i.) Any liquid possessing an alkalinity greater than 
that produced by adding one part by weight of dry 
caustic soda to 1,000 parts by weight of distilled 
water." {First Report, R. P. C. 1868, vol. i. p. 130.) 

Several of the above standards refer to manufactur- 
ing refuse and not to sewage, but still it was thought 
advisable to give the complete list here. 

The recommendations on this head that the Com- 
mission submitted to Her Majesty were to the follow- 
ing intent : — 
Beoom- That the casting of any solid refuse or the discharge 

tionsofihe of any polluting liquids, such as those defined above, 
Bionow" i^t^ ^°y ^^®^ ^^ stream " be absolutely prohibited 
under adequate penalties;" and that a central 
authority or board of not more than three persons be 
established, with power to enforce the enactments 
relating to t.he pollution of streams, and to ascertain 
and cause to be removed the sources of contamination 
of public and domestic water supply. (Zoc. cit. p. 136.) 



CHAPTER IX. 

TOWN SEWAGE. — ^ATTEMPTS AT UTILISATION. 

It being certaia that artificial manures^ or guano 
brought from an enormous distance, cannot be always 
relied upon to furnish a sufficient supply for the culti- 
vation of our land, we must keep in view the obvious 
absurdity of turning so much valuable matter as the Absarditj 
sewage has been shown to contain, into the sea or into ing t^j 
rivers, an absurdity pointed out by Parent Duchatelet "^'"^ 
when he says — speaking against, the formation of 
drains between the cesspools and the sewers so as 
to get rid as fast as possible of the contents of the 
former by emptying them into the Seine — "one 
would lose by this method an enormous mass of 
manure which our agriculture requires, and the value 
of which, even now considerable, cannot fail to in- 
crease," adding that this proceeding would also be 
received with repugnance by the people, who are 
persuaded that they are supplied with the water of 
the Seine for drinking purposes. All the earlier 
forms of disposing of excreta have more for their 
object the utilisation of the manure than the speedy 
removal of filth from the vicinity of habitations. This 
removal having now been in every way encouraged by 
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RemoTai the coDnection of closets of all sorts with the sewers, 

oounged in spite of the fact that it was before 1815 penal to 

necUng ^o SO, and being now furthered by the substitution of 

wiS*tbe water-closets for privies on a very large scale through- 

Mwen. Q^|; the kingdom, it has become necessary to see how 

the valuable matters, thus as it were thrown away, 

may be on the one hand prevented from polluting the 

rivers, and on the other utilised in the most profitable 

manner possible for agricultural purposes. 

As sewage contains a great amount of suspended 
matters, it is natural that the first attempts at purify- 
Subsi- ^^S i^ should have been by allowing it to stand so 
deuce. ^y^^^ these matters might be deposited and the water 
be allowed to run away in a somewhat purer con- 
dition at any rate; but the suspended matters will 
not subside in this way to any great amount, or they 
do so only very slowly, so it was found necessary to 
resort to 

SIMPLE FILTRATION, 

Simple in order to separate them from the liquid part: in 
*^°' this way a semi-solid mass of black mud was ob- 
tained, which was mixed with ashes or with street 
sweepings and sold as manure, while the liquid part, 
containing all the soluble constituents and part of the 
suspended ones, was allowed to flow away in a com- 
paratively clear and inoffensive condition into the 
nearest watercourse. 

NotBuc- "This liquid, however, still contains animal and vegetable 

method of ^^^.tters in solution, and is anything but tvater ; it is also liable 

poriiica- to speedy putrefaction and consequent noxious smell, with the 

^^ production of a further quantity of suspended matter, rendering 

it again, though in a less degree, turbid. In addition to organic 

matter, the filtered liquid contains of course all the soluble 



ATTEMPTS AT UTILISATION. 203 

mineral compounds of the sewage, and in most cases is charged 
with carbonic acid, and with more or less sulphuretted hydrogen, 
both of these being products of the decay of vegetable and 
animal matters." (Professor Way, Second Report of Sewage of 
TowM Commis8i<my 1861. Appendix No, 6, p. 65.) 

In some towns this straining process is still re- 
sorted to. 

An imperfect sort of filtration is resorted to at Ely, Examples 
where the solid soil is separated from the sewage by pi,^* 
upward filtration, while the liquid part enters the 
river below low-water mark, of course containing all 
the soluble impurities. "The solid part is taken 
out in the winter, mixed with the town ashes and 
road scrapings, and a bulky manure is obtained, which 
sells for 28. 6d. a cubic yard, and pays in great 
measure for the expense. of dust-removal and labour. 
Opinions difier as to whether any considerable nuisance 
arises from the outlet works or the muck-heaps. No 
complaint comes of nuisance in the river." 

At Rugby, the part of the sewage that is not nsed 
for irrigation &lls on a series of filtering- beds from 
which the fluid part runs ofi* in a comparatively clear 
state into the Avon. "There is no difficulty in dis- Manure 
posmg of the black solid matter on the filters at dUy.bnt 
half-a-crown a load." ^J^^\,„. 

At Ashby-de-la-Zouch, solid matters are separated 
by subsidence in a tank, and by filtering through 
ipright screens: the liquid overflow runs into the 
brook ; '^ a black rich-looking mould taken from the 
filtering-tanks is bought with avidity by the farmers." 
Fhe water of the brook, after receiving the liquid 
r matters, is occasionally used for irrigation. 

At Banbury, the sewers empty into settling tanks 
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and filters from which the liquid part flows off into 
the Cherwell, *' and the solid part is mixed with town 
sweepings and ashes, and sold for manure. ... At 
the outfall works carbolic acid and perchloride of 
iron have been used to further purify the filtered 
sewage, and to prevent complaints of the pollution of 
Nainnce the Cherwell. Nevertheless, nuisance from the river 
is complained of, and law proceedings have lately been 
taken in respect of it : any such nuisance is outside 
the town/* 

At Chelmsford, filtering-tanks were constructed, 
separating the solid part — which was mixed with the 
town ashes and sold to neighbouring farmers — irom 
the liquid, which was discharged into the river. This 
is, however, now done away with, and the whole of the 
sewage employed in irrigating some land near the 
town. {Ninth Report M. 0. P. C. pp. 163, 168, 
203,142, and 156.) 

As this straining obviously does not purify the 
sewage, though it may still have a valuable application, 
as we shall hereafter see, many attempts have been 
made to precipitate the valuable constituents by means 
of chemical reagents : these form the so-called 
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"PRECIPITATION PROCESSES/' 



Some of the more important of them are the 
following : — 
Lime The lime process '' has been applied to sewage 

upon an extensive scale at Tottenham, for the manu- 
facture of ^Tottenham Sewage Guano/ at Blackburn, 
and especially at Leicester, in the production of the 
so-called * Leicester bricks.' " In the Ninth Report 
of the Medical Officer of the Privy Council it is stated 
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that at Leicester " the elaborate outfall works succeed Punfica- 
in their object of purifying the river from nuisance. riTerat 
The river used to be very foul, showing a frothy '^*^* 
surface and all sorts of colours where the sewage was 
dischaiged. Now, with far more sewage discharged, 
there is only a little discoloration just at the outlet 
The fish have come back too ; there were none in the 
river for two miles down " (p. 75). The process Method of 
consists in the admixture with the sewage of a certain ^ ^^ 
proportion of cream of lime, after which ** a copious 
deposit of highly putrescible mud takes place, while 
the supernatant liquid flows off in a comparatively 
clear though somewhat milky condition/' 

^'The solid matter which is precipitated to the bottom of the 
reservoirs is worked back by an Airchimedian screw, and thence 
raised by a string of buckets into, troughs on the top of the 
bnildiDg, from whence it is conveyed by gravitation into reservoirs 
prepared to receive it, where it lays until the supernatant water 
drains ofi^ and the solid matter is disposed of a& manure.^ 

Professor Way found from his experiments that Rewit. 
from fifteen to sixteen grains per gallon of slaked 
quick-Hme were sufficient to precipitate ordinary 
sewage, and that no element of agricultural value was 
preserved by it except the phosphoric acid', of which 
five-sixths were precipitated. 

The Sewage Commission reported that the ^roeess, 
"though very simple, and the least costly of any," 
could not be profitable in an agricultural sense, and 
did not purify the sewage. {Second Reporty S. of 
T, a p. 15.) 

The Rivers' Pollution Commissioners (1868). exa- 
mined this process both at Leicester and Bhckburn. 
They say — 

" At both places the method obviously failed m- the purificft- 



206 TOWN SEWAGE. 

Fatlan of tion of the sewage to such an extent as to render it admiasil 
purifioa- Jq^q g^ river. At Blackburn especially, the river below the 
ilYen. outlet of the limed sewage was in a most offensive condition of 
putre&otion, our note made at the time of our visit being as 
follows : — ' Horribly offensive, turbid, blackish stream, disen- 
gaging most offensive gases, with black masses of putrid mud 
floating on the surface.' " (First Report^ R. P. C. vol. i p. 52.) 

Effect on The analytical examinations made showed that the 
eaewige. g^gpgJ^Jg^J matters were removed to a very consider- 
able extent, 57'66 parts in 100,000 being reduced 
to 6 on one day, 48 parts to 28 on another, and 
59-88 to 6-56 on a third; that of the total solid 
matters in solution, a quantity varying from ten to 
twenty parts in 100 was removed; that about a 
quarter of the organic carbon, and from 54'48 to 
65*79 per cent, of the organic nitrogen were removed, 
except on the third day, when the amount of organic 
nitrogen in solution actually increased ; " that is, the 
amount of organic nitrogen dissolved from the sas- 
pended matters of the sewage was greater than that 
precipitated from solution by the chemical reagents 
addedj' With regard to the ammonia, its amount 
remains about the same, or has actually increased ; so 
that water which is sent into the river not only 
contains most of the valuable constituents of the 
sewage, but contains about half of the putrescihk 
organic matter, which is precisely the substance that 
it is required to keep out of rivers. The manure 
Manure produced is Icss valuable than might be expected, 
monii for the mud, being alkaline, loses ammonia while 
drying. 

Its value has been variously estimated at from 
12^. 9d. to 17*. per ton, the latter estimate being 
certainly too high. The above-named Commissioners 
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consider it to be worth 13«. 6jc?. It is stated that itstheore- 
"an exaggerated notion of the agricultural value of practical 
the sewage manure has led to a reaction among J 
farmers, who now take away the semi-solid manure 
sparingly at 1*. a ton, while the working expenses 
of its production amount to 3*/^ {Ninth Beporty 
M. 0. P. a p. 75.) 

The Rivers' Pollution Commissioners remark: — 
" Id all these places the plan has been a conspicuous 
failure, whether as regards the manufacture of valu- 
able manure or the purification of the offensive liquid/' 

A modification of this process is in use at North- 
ampton : — 

^' Each million gallons of sewage is here mixed with twelve Lime and 

bufihelfl of lime and ahout six callons of chloride of iron : in hot ^^hloride 

® of iron, 

veather more, in cold weather less. The lime is added first, 

and then the chloride of iron. The defecated sewage is after- 
wards suhmitted to upward filtration through a stratum of 
calcined iron ore eight inches thick ; but we consider that 
beyond the separation of suspended matters, which would be 
equally effected by subsidence, this latter operation is nearly 
useless." [First Report, R^ P. C. 1868, vol. i. p. 68.) 

In the Seventh Report of the Medical Officer of 
the Privy Council, it is stated that the deodorisation Successful 
produced by this process was very perfect, and that a tion, 
complaint which was directed against the sewage 
works, to the effect that they were a nuisance, was 
unfounded. {Loc. ciL p. 526.) 

The effluent water runs into the River Nen, and 
although putrefaction is deferred by the presence of 
the iron salt, it ultimately takes place and fouls the but river is 
river, so that an injunction has been granted by the ^^ ° 
Court of Chancery that this discharge into the river 
shall no longer take place. The result of the treat- 
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BflnUt on ment appears to be, that the suspended matters are 
*^^**** almost entirely removed, together with about one- 
• sixth part of the ammonia, and rather more than a 
half of the organic nitrogen. It is plain, in fact, that 
the only advantage of the chloride of iron is to delay 
the pollution of the river for a short time, but not in 
any way to prevent it. 
Penaits of Some experiments with percMoride of iron aloQe, 
***"' were undertaken by the Sewage Commissioners at 
Croydon. They concluded that it was a very valuable 
precipitant, in that when added to the sewage and 
neutralised by an alkali, a large fiocculent precipitate 
of peroxide of iron was formed, which carried down 
all the suspended matters, with some of the dissolved 
organic matter ; that it fixed the sulphuretted hydro- 
gen and phosphoric acid, and gave solid and liquid 
residues, neither of which were noxious or likely to 
be so. (Second Report^ S, of T. C. p. 1 7.) 

Professor Way's experiments^ however, showed 
not Buc- that " this process cannot boast, any more than those 
formerly described, of any power of separating am- 
monia or other manuring material." (Loc. ciL p. 72.) 
The chloride of iron is also too expensive, and so 
the process has been abandoned. Salts of zinc and 
of manganese have been proposed for the same 
purpose, and with a like result. 
Girboiateg Carbolates of lime and magnesia (Maedougalls 
^teg. " powders) have been proposed, but chiefly as disinfec- 
tants of the sewage. If added to the lime process 
they merely assist in delaying decomposition, but do 
not prevent it ultimately ; the same may be said of 
the mJ^ites of lime and magnesia^ which however at 
the same time decompose the sulphuretted hydrogen. 
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A process, in which super-phosphale of magnesia is 
the essential precipitatk% ingredient, has been proposed 
and tried at various tidies Both in this country and in 
France. In this country it is known as BlytKs Biytirs 
process. The plan of it was to add a salt of magnesia p''^^'^- 
and some super-phosphate of lime, or super-phosphate 
of magnesia and lime water, to the sewage, and it 
was thought that the triple phosphate of magnesia, 
ammonia, and water, would be thrown down in an 
insoluble condition. Had this been the case it would 
have been, no doubt, an eflTective and valuable process, 
and it was even suggested that the magnesian rocks 
in various countries should be utilised by this process, 
with the probable prevention of the occurrence of 
goitre. (Bouchardat). It was, however, unfortunately 
found that the salt above mentioned is only insoluble 
in water containing an excess of ammonia. 

In fact. Professor Way's analyses show that by this Very nnfe- 
no more ammonia is separated from sewage than by result, 
the foregoing processes, " whilst a third of the phos- 
phoric acid added in the processes is left in solution, 
and constitutes an absolute loss to that extent.^' And 
the Sewage Commissioners reported that "without 
accomplishing any part of its intended object, it Very ex- 
is the most costly of all the plans that have been p®°*^^'*'- 
proposed."' {Second Report^ S. ofT. C, pp. 72, 1 5.) 

Holden's process^ which was originally a French plan, Hoiden's 
is described in the Rivers' Pollution Commissioners' P''***'®**- 
First Report ; it consists in adding to the sewage a 
mixture of sulphate of irony lime, and coal dust (clay 
is also mentioned by the patentee), and allowing it to 
flow through a series of subsidence tanks, so that a 
deposit may take place. The result of the examination 

p 
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of this process shows that while it " separates the whole 
of the suspended matters, it not only fails to remove 
the putrescible organic matters in solution, but 
inereuet actually (as measured by the organic nitrogen con- 
n^tersin taiucd in thesc organic matters) increases their 
•oiaUon. quantity. This it does by causing some, of the 
putrescible organic matter in suspension in the original 
sewage to pass into solution. The effluent water could 
not therefore be admitted into rivers without causing 
pollution." It further appears that the amount of sul- 
phate of lime in the effluent water is so great as to give 
it a very objectionable amount of permanent hardness. 
WorthicM As to the manure produced, 100 parts of it only con- 
^^^^ tained '555 of organic nitrogen, '004 of ammonia, and 
•3 of phosphoric acid : " a manure of the above com- 
position may be considered as practically worthless." 
{First Heport, B.P.C. 1868, vol i. p. 60.) 
Bird's Bird's process^ which has been carried on at Stroud 

process, and at Cheltenham, consists in the addition to the 
sewage of crude stdphate of almninUy which is prepared 
by treating pulverised clay with strong sulphuric acid ; 
the mixture is allowed to settle in a depositing tank, 
and is filtered afterwards through coke. The coke is 
renewed about once in three weeks^ and the foul coke 
is burnt. The sulphate for a day's use (150,000 to 
200,000 gallons of sewage) is prepared by treating 
six hundredweight of pulverised clay with 120 lbs. of 
sulphuric acid. The Rivers' Pollution Commissioners 
report with regard to Stroud, first, that the sewage 
Efflaen^ was very weak, and next, that the effluent liquid, 
much im- although much improved, was still not of the degree of 
Jy7not Parity which would render it admissible without nui- 
pwrified. sancc iuto a clean river# Moreover, if stronger sewage 
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were treated, the effluent water would doubtless be 
still more objectionable. The results resemble those 
of the next process. We may add that at Cheltenham The pro 

. cess h&s 

this process has been abandoned, the sewage being beenabui. 
now utilised by irrigation. 

Stothert's process consists in the addition of a mix- stotherfa 
lure of " 73^ grains of sulphate of alumina, 3^ grains p'**^*"' 
of sulphate of zinc, und 73^ grains of moderately fine 
charcoal " to* each gallon of sewage ; and when this is 
well mixed with it, " 22 grains of slaked lime, equal 
to 16f grains of quick-lime, are added." 

The result differs from that of the lime process Precipita- 
only in that the clarification is more complete ; that phosphoric 
the phosphoric acid is all precipitated, " in the form ^^ ' 
probably of phosphate of alumina;" and that the 
manure contains much more worthless matter derived 
from the precipitant. (2nd Report, S. o/T. C. p. 70.) 

The ''A BC" Process {Sillar's Patent), which is -ab b 
carried on at Leamington and Hastings, and with 
>vhich experiments on a large scale have been made at 
Tottenham and Leicester, consists in the addition to 
the sewage of a mixture containing alum, blood, 
clay, charcoal, some compound of manganese, and 
various other ingredients in smaller proportions. It 
will be seen that the only noticeable difference between 
it and some other processes already described consists 
in the addition of freshly-drawn blood, which is con- 
sidered an essential feature in the mixture, and of a 
small quantity of various other ingredients. This 
"ABC" mixture is allowed to run into the sewer in 
a small stream as it enters the works, and causes the 
formation of a precipitate which settles to the bottom 
of the tanks in the form of a soft black mud. It is 

p 2 
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Sediment, stated that this sediment may be used to precipitate a 
further quantity of sewage. It must then be removed 
from the tanks, which is done by pumping it up into 
large receptacles from which it is allowed to run into 
centrifugal drying machines. From these it is taken in 
a semi-solid state and spread out to dry on the ground 
near the works, being sprinkled from time to time 
Dried and with sulphuHc acid in order to fix the ammonia which 
^th sui- might escape during the drying. The effluent water, 
acid"^ after standing for some time in another series of 
tanks, is allowed to run into the River Leam, and of 
Favourable it J)y^ Lethcby says, "i/ie water is practically/ def (seated, 
and I should have no hesitation in saying that water 
is in a condition to run into a stream of comparatively 
large volume." The careful examinations, however, 
which have been made of the results of the application 
of this process, both at Leicester and Leamington, by 
the Rivers' Pollution Commissioners (1868), have not 
confirmed this opinion. From the First Report of these 
Effect on Commissioners it appears that the solid matters in sus 
pension are removed to about the same extent as by 
the lime process ; that the dissolved impurities in the 
effluent w^ater are markedly augmented ; that the per- 
centage of organic carbon removed " was notably in 
excess of that brought about by the lime process," 
while that of organic nitrogen (the most important 
substance, be it noted) was less than in the above- 
mentioned process, beiiig only from 50 to 58*8 per 
cent. The amount of ammonia is, as in the case of 
the lime process, increased in the effluent water, the 
reason being that none of the ammonia originally 
present in the sewage is removed from it, while the 
additional amount is produced both from that con- 



sewage. 



ATTEMPTS AT UTILISATION. $^13 

tained in the alum of the mixture and from the 
action of the chemicals upon the nitrogenous organic Manure, 
matters both in suspension and solution in the 
sewage. The manure, however, from this process is 
perceptibly superior to that resulting from the lime 
process, but the increase in phosphoric acid in this 
manure is partly accounted for by the addition of an 
unknown quantity of bone-black to the precipitating 
mixture. In the Second Report of the above Com- 
missioners the results of some further experiments 
on this process were recorded, and it appears that at 
Leicester the clarification was not satisfactory, sus- Failure in 
pended organic matter remaining to the extent of putreacibie 
1-5 to 3-8 parts in the 100,000 ; that with regard to ™**^'"- 
the soluble constituents the results were the same as 
above given; as to the organic nitrogen, "it is 
precisely here that the process signally fails in 
accomplishing such an amount of purification as 
would render sewage admissible into an open water- 
course." [Loc. cit p. 4.) 

At Leamington, the process was re-examined on the 
10th May, 1870, when the smell produced by the 
drying of the manure was exceedingly offensive, and 
"would be pronounced a nuisance whenever conducted Nuisance 
in or near a town ;" and, in fact, it had been protested ^ p^°*^^®*- 
against by some of the neighbours, who described it 
in the strongest terms as " intolerable," *' pestilential," 
and "bringing, as we are apprehensive, disease and 
death to our very door." It had even been found 
necessary to use chloride of lime at the works. So 
much for the deodorisation. 

It was then found that the " A B C " liquid 
"was discharged into the sewage at the rate 
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of about 210 gallons per hour;" and that it con- 
sisted of — 



Ezftetoom- 
potiiioQ of 
"ABC" 
mixture. 



Learn in- 
ter mixed 
▼ith effla- 
eataewage. 









cwta. 


qre. 


IbB. 


Ammonia alnm 






3 








Clay (moist) 






6 








Animal charcoal ... 












15 


Vegetable charcoal . . . 












20 


Epsom salts 












20 


Blood in a pailful of 

1*1 VA1* wnfpr nViAiif 


olay 

1 


magma... 

15).^ flrnllm 








4 
r1 SI 



ana- 



Reduction 
of amoant 
of chlorine. 



lysis, however, indicating that only 1,027 gallons had 
been used. {Second Report, R, P.C. 186S, p. 9.) 

This mixture was contained in a tank which was 
exhausted in four hours and forty minutes. Small 
quantities of other substances are sometimes added. 

Mr. Sillar pointed out to the Commissioners that 
the outlet for the water used in turning the water- 
wheel, which did the work of the engine during the 
night, was through the second set of subsidence tanks; 
it was not only so, but it was found that from leakage 
of the penstock and sluice, "even when the wheel 
was not working, a considerable stream of unpolluted 
water from the River Leam was mingling with the 
effluent sewage before it reached the place where our 
samples were taken." The result of this was shown 
in the analysis of the sewage after precipitation, hut 
before filtration, as the amount of chlorine was found 
to be diminished from 11 to 9*5 parts in the 100,000, 
whilst the "ABC '* mixture itself does not appre- 
ciably affect the proportion of chlorine. By a simple 
calculation based upon these considerations, it was 
found that with one part of sewage '249 of river 
water was mixed, while the actual effluent water was 
found to contain river water varying from an inappre- 
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ciable quantity to 416 parts for 100 of real effluent 
water. Another result of the admixture of this river 
water with the sewage was the occasional appearance 
of nitrates in the effluent liquid, (pp. 7, 11.) 

" The Leamiagton sewage contains no nitrates, neither does Appe&r- 
tbe 'ABC process produce nitrates. On the other hand, 100,000 ^^^ 
parts of water of the Learn contain '178 part of nitrogen in the in the 
form of nitrates ; consequent!;, if 416 parts of Leam water were ^^^^' 
mixed with 100 parts of Leamington sewage, the mixed liquid 
ought to contain *143 part of nitrogen as nitrates. Our analysis 
shows '149 parts of nitrogen as nitrates, in 100,000 parts of the 
effluent liquid, a proportion which indicates a slightly lai^r 
admixture of Leam water than that deduced from the chlorine 
determinations." {Loc. cit. p. 12.) 

The admixture with this large amount of river 
water of course causes the effluent water to be much 
purer than the process makes it. It is necessary, 
therefore, in estimating the alteration produced on the 
sewage by the mixture, to make a correction for the 
amount of river water that is thus mixed with the 
effluent water. This was done ; and, further than this, 
an experiment was carefully tried to ascertain the 
effect of the *'ABC" mixture on fresh London Tnaiwith 
sewage, which "may be regarded as exhibiting the ^^e? 
true amount of amelioration which can be obtained 
by this process, even with the employment of double 
the proportion of chemicals prescribed by the speci- 
fication." The results of these experiments show — 

*' 1. That of the dissolved matters, those lefl on evaporation Betnlti. 
vere increased in weight by nearly one-half the amount of 
floluhle ingredients added to the sewage ; for thp 'ABC 
mixture making up 100,000 parts with the sewage to which it 
was added, contained, according to our analysis, 27*8 parts of 
Boluhle matters left on evaporation, whilst the increase of soluble 
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matters left on evaporation shown in tbe above table amounts 
to 13-2 parts. 

"2. That the organic carbon in the diasolved matters was 
diminished to the extent of 37*5 per cent. 

"3. That the organic nitrogen in the dissolved matters 
underwent no alteration; consequently, the organic matters 
precipitated from solution by the 'ABC* mixture were non- 
nitrogenous, and therefore valueless as manure. 

'' 4. That the proportion of ammonia was augiaented, because 
more was added in the 'ABC mixture than was precipi- 
tated by the action of that mixture upon the sewage. 100,000 
parts of the 'ABC mixture gave on analysis 132*1 parts of 
ammonia ; there was consequently added to each 100,000 parts 
of sewage in the 'ABC* mixture, 1*32 part of ammonia, 
whilst the augmentation of ammonia shown in the above table 
is -668 part. 

'' 5. That no nitrates were formed in the operation. 

'' 6. That the total combined nitrogen was augmented by the 
ammonia added in the * A B C mixture ; consequently, as re- 
gards soluble constituents, the efSuent liquid possessed a greater 
manure value than the raw sewage, the increase in value being 
due to the ammonia in the chemicals employed. 

** 7. That the proportion of chlorine remained unaltered. 

" 8. That the matters in suspension, both mineral and organic, 
were almost completely removed, although the defecated sewage 
remained perceptibly turbid." (p. 13.) 

" On no oocasion, even when mixed with more than 

four times its volume of clean river water, was the 

effluent sewage other than a polluting liquid, offensive 

water to the seuscs even at the moment of discharge, and 

offensive 

always quite unfit to be admitted into running water." 
That this is really the case is seen from the fact that 
the water of the Leam is considerably polluted below 
the outfall of the sewage works. 

'* Masses of putrid mud, like those we had observed in the 
filter tanks, were floating here and there on the sui'&ce, 
buoyed up by the gases generated during putrescence.'' "Sewer 
fungus was growing abundantly on submerged objects near 
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the banks, and we observed that it markedly increased in ^i^^r 
quantity as we approached the works on our return up the P^^^"^^^" 
riyer." (p. 14.) 

In fact, it is shown by analysis that the organic 
nitrogen contained in the river water was increased 
from 061 to -102, the ammonia from -040 to '870, 
and the "total combined nitrogen" from 272 to '586 
part per 100,000 after receiving the effluent water. 

As to the manure produced by this process, it will 
be anticipated, from what has already been said, that 
it cannot be valuable. The analysis of some mud Composi- 
from one of the subsidence tanks showed it to contain nuremud! 
2*05 per cent, of total nitrogen calculated as ammonia 
and 1"98 per cent, of phosphoric acid. Of this 
manure Messrs. Lawes and Gilbert say : — 

"Assuming such a manure to be produced in large quantities, 
our opinion is that it would certainly be worth more per ton 
than stable-dung, provided the nitrogenous substauce were in an 
easily decomposable condition, and its nitrogen readily available, 
and provided the phosphoric acid were also in a readily soluble 
condition ; but if the nitrogen and phosphoric acid were not in Eatimatinu 
such conditions, it may be a question whether the *ABC' de- of its value, 
posited manure or stable-dung would be the most valuable. The 
result would depend in a measure on the quantity of the respec- 
tive manures in the market, the cost of carriage, and other local 
circumstances. Stable-dung would, however, probably have the 
preference for market gardening." {Appendix, p. 31.) 

From calculations based upon the market price of 
guano and bone super-phosphate, the Commissioners 
find that the "ABC" manure appears to be worth 
about 32*. per ton. 

" That is to say, 1 60 cwt. of the 'ABC manure would be Compari- 

worth as much as 20 cwt. of guano, or 55 cwt. of the super- ^^ ^i^^ 

phosphate, supposing both to have been deposited upon and fjper-*^ 

within the soil* It is plain, however, that this supposition cannot phosphate. 
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be realised without a much larger expenditure on the weaker 
manure, for carriage and labour of distribution, than in the case 
of guano or of super-phosphate ; an expenditure which indeed 
very soon altogether destroys the commercial ralue of the manure, 
as it diminishes in strenglh." (p. 16.) 



Value of 
l-24th of 
that of 
guabo. 



Fortified 
by addi- 
tion of sul- 
phate of 
auunonia. 



Price it 
fetches at 
present 



But several considerations show that this price is 
really too high. Dr. Odling, from the examination of 
the prepared manure, states that " it contains about one 
twenty-fourth part of the nitrogen which is contained 
in guano, and less than one twenty-fourth part of the 
amount of phosphate ; so that, estimating it merely as 
regards those two constituents, it would have been 
one twenty -fourth part of the value of guano — ^making 
no deduction for the amount of dilution." That is 
to say, he estimates its value at lis, 3c?. per ton. But 
it is plain that the value of this, or any other manure, 
may be raised to any amount by the addition of suit- 
able ingredients, and it appears that '' an artificial 
fortification of the comparatively worthless sewage 
mud thrown down by the '* A B C '* mixture is oc- 
casionally practised." Drs. W. A. Miller, F.R.S. and 
W. Odling, F.R.S. found that many samples of the 
manure " contained large crystals of sulphate of 
ammonia," which, it was stated by the manager, had 
been added by mistake for sulphate of magnesia. It 
must be remembered, too, that animal charcoal, blopd, 
and salts of potash, beside some ammonia-alum, are 
all contained in the precipitating mixture. The 
manure produced at present fetches £3 IO5. aton. 
When we consider that the lime mud from the 
Leicester Sewage Works fetches only 1$. a ton, 
although the theoretical value of it is 155. 5d. ac- 
cording to Dr. Voelcker's analysis, we may be certain 
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"that the theoretical value of the Leamington *A B C ' 
manure will not be nearly reaUsed when its price shall 
have been determined by the ordinary process of 
competition with other purchasable fertilisers." Much 
less will any such extreme price as that being given 
for it be realised. On the whole it appears that the 
manure value of the chemicals used in the "A B C " 
mixture for one day's working is 11*. Id. ; taking the 
highest theoretical value given for the manure — about 
£l 145. 9(/. — it appears that the "nett result of a Highest 
day s working was the recovery from the sewage oi vaii 



lae. 



Leamington of manure constituents worth theoreti- 
cally £1 35. 2dr It would appear, then, "the 20,000 
inhabitants of Leamington would yield annually, by 
the "ABC* process, manure of the theoretical value 
of £845 \\s, Sd,, or 10^. per head per annum." "The 
actual value of the recovered manure would, at 7s. 
a ton (about its probable practical value), amount to 
£255 105. Ofl?., or Si^d. per head per annum.*' Even 
if it fetched the theoretical value given above, it would 
not pay the cost of working, (pp. 17, 18.) 

" This IS an even less satisfactory result than is obtained bj Compar- 

ordinary scavenging operations in the Lancashire towns, where ^^^ ^*^^ 

mannre of the annual value of rather less than bd. per head over middens, 
a population of more than a million is annually obtained." 

The conclusions, then, of the Royal Commissioners 
are on every point condemnatory of the ''ABC" 
process. 

The manager of the Company maintains (letter to 
the Clerk to the Metropohtan Board of Works) that 
the conclusions of the Commissioners are unwarranted, 
especially as regards the admixture of river water with 
the efBuent water, as would have been shown by 
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gauging the effluent water, or by comparing its tem- 
perature with that of the sewage ; that the " fortifica- 
tion " alluded to took place on that occasion only, aud 
was done without the knowledge of himself or of the 
Directors ; and that the manure produced is proved to 
be valuable by the avidity with which it is bought 
up by farmers and others. 

On a visit that we paid to the works at Leamington 
on July 21st, 1870, we were agreeably surprised to 
G«Derai find that, on that day at any rate, the amount of 
wTraonai nuisauce caused by them was very little indeed 
inspection, throughout the whole of the premises. We could not 
find aiiy disagreeable smell with the single exception 
of the air in the subsidence tanks ; that was decidedly 
foul, and moreover issued in a strong current when 
the trap-door in the roof of one of the tanks was 
opened. Some experiments in tall precipitating glasses 
showed that sewage was clarified considerably by the 
"ABC" mixture ; but that the supernatant liquid con- 
tained a great deal of ammonia. As to the effluent water, 
it was turbid and had a slight odour and colour. We 
found it, on a rough and ready examination, to contain a 
very considerable quantity of ammonia, and on pointing 
out this fact to the manager he acknowledged that all the 
ammonia that came to them in the sewage they must 
Ammonia inevitably lose, but stated that they got the sewage so 
leged to fresh that it really contained very little ammonia. It is 
ably" Mt! perfectly certain that this can never be the case, and in 
fact the analysis of the sewage shows that it contains 
about from 3 to 10 parts in 100,000: the ordinary 
quantity being 7 or 8 parts. The sample of the effluent 
Effluent water, which we preserved, became excessively foid in a 
putrefies, day or two, although kept in a stoppered bottle, and 
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disengaged a quantity of sulphuretted hydrogen gas. 
It was found by Dr. Russell to contain 2*856 parts of 
ammonia and 080 part of '' albumenoid ammonia'' 
in 100,000. As to the river itself, we noticed that 
near the outfall, especially just about and underneath 
the weir, the surface of the water was covered with a 
filthy scum. We could only obtain evidence, with 
regard to the agricultural value of the manure, from A^ncui- 
some florists who appeared very well contented with of the^*^"'' 
it ; but it need hardly be pointed out that with potted ^^^^^^e. 
plants and so forth a proportion of manure is used 
which would come to an enormous quantity if calcu- 
lated per acre, and that no value could be given to 
estimates produced in this manner. A process which 
does not even pretend to remove the manurial consti- 
tuents from the sewage cannot possibly produce 
valuable manure ; and Dr. Odling says : — 

*^No doubt this method, like all other methods of precipita- SummaTy 
tion, does keep out a considerable proportion of filth from the ®^ results, 
river ; but there was a great deal of putrescible matter in the 
effluent liquid, and in comparing this mode of precipitation with 
others, it did not seem to me that its alleged superiority had 
any foundation." 

" As regards its superior defsecation of sewage, and 
the high value of the product yielded," Ins opinion is 
especially unfavourable. 

We must add to this that the process is about to be Process to 
given up at Leamington, as irrigation works are being doned!" 
constructed by which the sewage will be utilised on 
land at a distance of 2^ miles from the town. 

It is stated that the process has lately been improved 
and cheapened by the substitution of a drying-chamber 
for the centrifugals, and by the use of clay instead of 
alum. 
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The fact that a Royal CommissioD has issued a 
Special Report on the above process, and that the 
nianure is being sold at so high a price, must be 
our excuse for describing it at a greater length tliau 
the others. 

Conciu- All these precipitation processes do, then, to a 

certain extent, purify the sewage and prevent the 
pollution of rivers, chiefly by removing the suspended 
matters from the sewage ; but they all leave a very 
large amount of putrescible matter in the effluent 
water, and at least all the ammonia contained in 
the sewage (sometimes they add to it) ; the greater 
part of the phosphoric acid is precipitated by some 
of them, while they increase the hardness of the river 
water, a matter of great importance if the stream be 
a small one. 

Ammonia The mauurcs that they produce are in every case 

not preci- * p • v i :^ ^ aii 

pitated. very interior, as may be expected from the known 
value of the sewage constituents that can be precipi- 
tated. They have all failed in producing valuable 
manure, because the valuable constituent of sewage par 
excellence is the ammonia, which of course invariably 
totally escapes in the effluent water, and is lost to 
the manure : this shows the futility of all attempts 
to utilise sewage by precipitation alone. 



CHAPTER X. 



FILTRATION AND IRRIGATION. 



FILTRATION. 



Several important experiments with regard to tLe 
filtration of sewage through various materials w^ere 
made under the direction of the Rivers' Pollution 
Commissioners.* They pointed out in the first place 
that " the water bearing gravel of London is supplied 
almost exclusively by sewage, and the water pumped 
from the shallow wells in London is little else but London 
filtered sewage;" and, to show the extent of purifica- 
tion which this water undergoes, it is found that it con- 
tains very little organic nitrogen and carbon, and very 
little ammonia, but, instead, a considerable proportion 
of nitrates and nitrites. Experiments conducted by 
filtering London sewage through 15 feet of sand 
showed that, in the first place, ** the process of upward 
filtration through sand is ineflftcient in the purification Filtration 
of sewage from soluble oflfensive matters ; ... on no menu, 
occasion was the effluent water in a condition fit 
to be admitted into running streams : " but that the 
"process of intermittent downward filtration through 
either sand or a mixture of chalk and sand, efiects. gi 

^ First Report, R. P. C. 18G8, toI. i. pp. 60—70. 
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very satisfactory purification of sewage when the sewage 
treated amounts to 5*6 gallons per cubic yard of 
fihering material in twenty-four hours, but that the 
purification becomes uncertain and unsatisfactory when 
the rate of filtration is doubled, that is when the 
sewage treated amounts to 11*2 gallons per cubic 
yard in twenty-four hours. These experiments also 
Rationale show that the process of purification is essentially one 
ofproccw. ^f oxidation, the organic matter being to a large 
extent converted into carbonic acid, water, and nitric 
acid : hence the necessity for the continual aeration of 
the filtering medium, which is secured by intermittent 
downward filtration, but entirely prevented by upward 
filtration." In fact, it was found that, by downward 
filtration through soil, the organic carbon and nitrogen 
were reduced to about the proportion in which they 
are contained in the London drinking-waters, namely, 
Amount of to '5 to "7 of carbon, and "06 to '07 of nitrogen 
pnnfica- ^^ 100,000 parts ; the original amounts in the sewage 
having been 2*48 of organic nitrogen and 4"38 of 
organic carbon. On the other hand, the amount of 
nitrogen as nitrates and nitrites was increased from 
nothing to from 3 to 5 parts in 100,000. '' Only as 
a source of drinking-water could a stream into which 
such purified sewage flows be condemned." Some 
further experiments on downward filtration through 
the Beddington soil, which were conducted in glass 
Quality of Cylinders, showed that " the effluent water was always 
water" clcar and nearly colourless, at the rate of 3'8 and 
7'6 gallons per cubic yard per diem. In respect of 
organic matter the filtered sewage actually equalled, 
or even surpassed in purity on four occasions, the 
water which is sometimes supplied to London for 
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domestic purposes." Further experiments showed 
that the results are very different with different soils, 
and that in some cases the nitrogenous matters are 
absorbed and retained as such, without being con* 
verted into nitrates and nitrites, and that this result 
does not apparently depend upon the presence or ab- 
sence of light, or upon variations in the temperature. 

Intermittent downward filtration is then a valuable 
method for the purification of sewage, but not for the 
Qtilisation of it, as the area of ground is too small and 
the quantities of sewage turned on to it too large. 

It was found that the ^' light yellowish brown loam 
from the marlstone of the lower oolite near Dursley, in 
Gloucestershire," surpassed all the others experimented 
upon in its power of purifying sewage : — 

'^ Whilst one cubic yard of sand, or of Hambrook soil, cannot Yalaes of 
coDtinuouslj and satis&ctorily purify more than 4*4 gallons of <**ff«*'«'»' 
London sewage per 24 hours, one cnbic yard of Beddington soil 
can cleanse 7' 6 gallons, and one cubic yard of Dursley soil no 
less than 9*9 gallons in 24 hours, which is equivalent to the 
cleansing of nearly 100,000 gallons of sewage per day by an 
&cre of this soil, provided the drains for the effluent water are 
six feet deep." {Loc. cU. p. 69.) 

It would appear that the physical condition as re- 
gards porosity and fineness of division has more to do 
with the cleansing power of a soil than its chemical 
composition has. '^At the conclusion of the long 
series of experiments there were no symptoms of 
clogging up or diminution of activity, and the effluent 
water was always bright, inodorous, and nearly colour- 
less/' It was found that with Lancashire peat as a Resuite 
filter, the effluent water was not much purified at first, ^* 
but afterwards steadily improved, giving a ^ hope that 
this material would, after a somewhat higher education, 

a 
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Filtration 
at Ealing 
nnaatiftfae- 
tory. 



become an efficient purifier of sewage filtered through 
it at the rate of four gallons per cubic yard per 
24 hours." The Commissioners consider that with 
a properly constituted soil, deeply drained, and divided 
so that the sewage could be applied on one part at a 
time, "the sewage of a water-closet town of 10,000 
inhabitants could, at a very moderate estimate, be 
cleansed upon five acres of land." This process is 
carried out to a certain extent at Ealing, where, how- 
ever, from the small quantity of filtering material (60 
cubic yards instead of 40,000) and the rapidity with 
which the sewage passes through the filter-beds, the 
purification was found to take place only to the extent 
of arresting the suspended matters; ''the effiaent 
liquid retained nearly all the original amount of soluble 
putrescible organic matter, and was totally unfit to be 
admitted into running water/' (p. 62.) 



Introduc- 
tory re- 
marks. 



IRRIGATION. 

We find, then, from the preceding chapter and the 
foregoing paragraph, that, given town sewage, the 
only way that has yet been discovered of purifying it 
in any sense of the word is by intermittent doumtcard 
^/ration through a certain thickness of soil, and that 
soils vary very considerably in Iheir power of so puri- 
fying it. Some soils appear to absorb the orgpic 
matters contained in sewage water in a very perfect 
manner, and allow very little escape of valuable matter 
in any form in the efiluent water ; others still purify- 
ing the sewage, but doing so especially by the r^id 
oxidation of ammonia and organic nitrogenous matters, 
attended with the formation of nitrates and nitrites 
which escape in solution in various quantities in the 
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effluent water, and which, although perfectly inoffen- 
sive in themselves, still represent so much loss of 
valuahle matter* ^'A filter is not a mere mechanical Fanctions 
contrivance; it is a machine for oxidising and thus 
altogether transforming as well as for merely separating 
the filth of dirty water." It is plain that a certain 
quantity of soil can only do a certain amount of work 
in this way ; that if too much sewage be poured on to 
it, a certain amount of the organic materials must 
necessarily escape oxidation, and the effluent water 
will flow away unpurified. In all the filtration experi- 
ments this is found to be the case : when the flow ex- 
ceeds a certain quantity or a particular rate, the effluent 
water invariably contains undecomposed organic matter. 
Thus we see that, as far as the question of piuification Filter 
goes, it is desirable to extend the area of the filter as enlarged, 
much as possible ; the more this is done the purer the 
effluent water will necessarily be; but as the only 
question is not that of purifying the sewage, but there 
is also that of utilising it, the area over which it is 
applied must be limited in order that a sufficient agri- 
cultural return may be produced to pay the expenses 
of working the system and to ensure the realisation 
of a profit. The first thing to be attained is the purifi- J?>r» ^^• 
cation of the sewage to such an extent that the effluent be aatu- 
water may be safely allowed to flow into a water- 
course ; the next is the application of it as an agri- 
cultural manure in such quantities and in such a 
manner as to realise the greatest returns per ton of 
the sewage and per acre of land ; and the last, to do 
this in such a manner that the health of the inhabi- 
tants of the irrigated districts shall in no way be 
affected injuriously by the process. 

Q2 
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The question then arises, does sewage, as at 
present applied to land for agricultural purposes in 
various places, become so purified that the effluent 
water is untainted by faecal matter? Let us examine 
the results of analyses which have been made at 
various places, of sewage applied to the land, and of 
the water which flows away in the drains of that land. 
Compari- g^t y^Q must here premise that the earlier analyses 

■on of , * -^ 

iewageand of this nature are not at all to be relied on, as the 
water, mcthods of Water analysis were very imperfect, that 
of estimating the amount of organic matter in the 
total solid residue by incineration being entirely 
fallacious. From the First Report of the Rivers' 
Pollution Commissioners we find that the raw sewage 
supplied to the Craigentinny meadows, near Edinbui^h, 
contained 3'C13 parts of organic nitrogen and 9510 
of ammonia in 100,000 parts, while the effluent water 
contained '682 of organic nitrogen and 1*989 of 
ammonia ; this being produced by the flow of about 
700 tons of sewage per hour over less than 2^ acres 
of land during an hour and a half, the general result 
being the reduction of the total combined nitrogen from 
11*445 parts to 2*320, and total suspended mattem] 
under nil. from 39*40 to 5*52 parts per 100,000. This, it mus 
avoura e ^^ remembered, is the result produced by the appli( 
tion of enormous quantities of sewage to a limil 
area. The value of the agricultural products bavin] 
been alone kept in view, it " must not be quoted as 
successful example of sewage cleansed by irrigation/ 
" for it is poured over them (the meadows) in such enorj 
mous quantity that the soil has not fair play given ti 
it as a cleanser, and the water therefore leaves the gras 
land still filthy and offensive." It must be noted th 
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here there are no nitrates and nitrites in the effluent 
water. {Loc. cit. vol. i. pp. 74, 75.) 

At the Lodge Farm, near Barking, where the soil is 
gravelly and very pervious, so that the water cannot 
travel far upon the surface, and '^ that after fifty yards 
at most of surface-flow it sinks, to reappear only at 
the mouth of the main drain of the farm," it was 
found that the organic nitrogen was reduced, during Better 
fifty or sixty yards of surface-flow, fcom 3*664 to 
1872; after a further surface-flow, to *624; and, at 
the issue of the main drain of the fai*m, to '329 parts 
per 100,000; the ammonia being reduced during* 
the same flow from 4 to '8 parts per 100,000, 
while the nitrates and nitrites, which were absent Appear, 
from the sewage, appeared in the effluent water to tratM^aild 
the extent of nearly 3 parts per 100,000. Plenty of ^^'"'''• 
other instances might be taken, all of them showing 
that the amounts of each and all of the consti- 
tuents of sewage are considerably reduced by practical 
irrigation, with the exception of chlorine, which is 
very slightly reduced, or even sometimes apparently 
increased, and nitrates and nitrites, which, not 
existing in the sewage itself, appear in the effluent 
water, sometimes in considerable quantities ; and these 
results have been obtained even where the object has 
not been so much the purification of the sewage as 
the production of a valuable agricultural return. We 
can go still further than this, and say that the con-- 
siiiuents which are moat effectually removed from the Effectual 
sewage are especially the putreacible organic matters ; JX«ci-^ 
that is to say, are those which it is our main object to tere™* 
remove both from a sanitary and an agricultural point 
of view. We have already seen that all other pro- 
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cesses especially fail in removing these very consti- 
tuents. With regard to these analyses, however, we 
must note that the amount of the purification is 
presented to us by them in an exceedingly unfavour- 
able manner. In all the processes of mere straimng 
or precipitation the amount of efiluent water is to 
all intents and purposes the same as the amount of 
i^^nge. and the nuTber of parte of each of the con- 
BMoiti stituents per 100,000 may be fairly compared with 
better the number of parts of the same constituents in 
Appear ^^ 100,000 parts of sewage. But with irrigation the 
^^ case is totally and entirely difierent; the amount of 
effluent water issuing from the drains of an irrigated 
piece of land, on which crops are growing, is dimi- 
nished not only by the amount that directly evaporates 
from the soil itself, which in dry weather must be 
Enormous very Considerable, but by the enormous amount that 
lion from is coutinually evaporating from every exposed part of 
^ ^ the growing plants. This enormous amount vrill be 
the more appreciated when we consider the resolU 
of its cooling power on a somewhat extended scale. 

Many are the instances in which the climate of a 
country has been entirely changed by the destruction 
niastra- of its forests, and we need only state the case of the 
destruction of many of the large forests which formerly 
bordered the banks of the Rhine, by which the climate 
has been changed from a very cold one to a temperate 
one, the winters never now having anything like the 
severity they had in former times, when that river was 
frequently frozen over. (Blumenbach.) This continual 
evaporation, then, causes a very considerable diminution 
in the amount of water which can possibly flow away 
by the drains as effluent water. To determine accu- 
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ratelj the amount of this loss would require a special 
set of observations under such conditions as would 
ensure the collection of the whole of the effluent water. 
Such experiments are being carried on by the Com- Ezperi- 
mittee of the British Association at Breton's Farm, ^o^t ot 
near Romford, and the results of them will be pub- Jj^^^! 
lished in due time; but meanwhile we must not 
consider because we find a certain quantity of or- 
ganic nitrogen, of ammonia, of nitrates and nitrites, 
&c. in 100,000 parts of effluent water, that this 
quantity came firom only 100,000 parts of sewage. 
Even supposing that it did, the analytical results 
which we have above given, and which are not the best 
tbat have been obtained, have certainly never been 
approached by any other method, and for reasons 
already given it is hardly possible that they ever will 
be, so that they are very favourable to irrigation Re^uiu 
as a means of punfyiug the sewage. Makmg the even with- 
correction indicated, which it is only fair to do, anwfo^r* 
seeing what an important one it is, they become l^^^^ 
indeed exceedingly favourable. It appears, then, 
tbat the first requisition is satisfied by irrigation, Fint 
and this is borne out by the opinions expressed MUBfied.'^ 
in all the Reports that have been issued upon the 
subject. The Sewage Commissioners, in their First 
Report (1858), showed that they considered that the 
irrigation of land (in some cases supplemented by 
other processes) was the best means of preventing 
the pollution of streams by sewage. In their Third 
Report (1865) p. 3, they state still more definitely that 
" the right way to dispose of town sewage is to apply 
it continuously to laud, and it is only by such applica- 
tion that the pollution of rivers can be avoided.'' 
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We must at once insist upon the condition of filtra- 
tion, which is an absolutely essential one in any attempt 
at the purification of sewage. The success of the 
irrigation process entirely depends upon this. It is 
Mnii not not sufficient to let the sewaire run over the surface oi 

Tun uufttiy 

oTer the the land among the crops, and to suppose that it may 
^"^ be purified in this way ; it must not merely run on to 
the land, but also through it. The power of the crops 
themselves in abstracting the manurial constituents 
from the sewage is doubtless exceedingly great, but it 
must be remembered that this power chiefly resides 
Must eome in the roots, and that as the soil itself has been proved 
wit?the capable of abstracting these manurial constituents, 
"***• a fortiori will this be done the more completely 
when the soil is aided by the avidity of the roots of a 
growing crop to absorb their natural nutriment. The 
process is, in fact, one of direct conversion of refuse 
matters into crops ; these matters being brought for 
the most part dissolved in water, that is to say, in the 
natural condition in which, as far as yet known, they 
are really capable of being absorbed by plants: 
although the power of the soil itself (that is, of certain 
soils) to retain these manurial matters must not be 
overlooked ; neither must the fact that the roots of 
iiabe^rbed plants are capable of doing it when the soil is of such 
when Boii a quality that it would not do so to any appreciable 
notretaiQ extent, and when indeed the plants could not be 
^^' grown upon it at all if it were not supplied with 

manure continually. That is to say, that, despite the 
weighty authority of Baron Liebig, who has maintained 
the contrary opinion, indisputable facts have most cer- 
tainly shown that pure sand is capable of supporting 
large crops when properly supplied with a sufficient 
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qnantity of sewage. In the Appendix to the Special 
Report from the Select Committee on the Thames 
Navigation Bill^ the result of an experiment is stated 
which showed that Italian rye-grass, wheat, and man- 
golds, could be perfectly well grown on sea-sand (2^ feet ^ <>» 
in depth) when sewage was properly supplied to it. The 
lower portion of the present Craigentinny meadows con- 
sisted, 50 years ago, of low moving sand hills, the 
" Kggate Whins." In fact, it is now useless to deny 
that sea-sands may in this way be reclaimed and made 
valuable property, producing annually enormous crops 
of grass. That it is not advisable to apply the sewage to Best to 
lands which can absorb it independently of the crops, we can retain 
do not for a moment wish to maintain ; it is plain that n^^*" 
when applied to fallow land, as it would often have to be, 
especially in winter, it is essential that the soil should 
thoroughly absorb and retain the manurial constituents, 
or at any rate it must be demanded that they shall be 
so thoroughly oxidised that the effluent water shall 
retain none of them in a putrescible condition. But that 
crops will grow on lands so absolutely worthless that 
the soil ouly performs the function of mechanically 
supporting the plants, if they be supplied with the 
organic and inorganic matters essential to their growth 
and which are contained in town sewage, is now an 
ascertained fact. The condition, then, is simply that the Sewage 
sewage be not allowed to run merely over the land, but iTconuS;* 
through it, so as to come in contact with the roots of ^^^^ 
the plants. To this end it must be applied ^om the 
surface, and not by underground pipes, as in this latter 
case it is plain that it would not wash the roots of 
the plants, as it is delivered into the soil for the most 
part below them. 
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In the Report of the Select Committee on the 
Metropolis Sewage (known as Lord Robert Montagu's), 
1864, it is stated that— 

Conei»- ** ^^ efficient aitificiid method has been diaooyered to purify, 

^om of lor drinking and culinary purposes, water which has onoe been 
t£0g . infected bj town sewage. By no known mechanical or chemical 

means can such water be more than partially cleansed; it 
is always liable to putrefy again. Processes of filtering and 
deodorisation cannot therefore be relied upon to do more than 
mitigate the ctIL Water whicdi appears perfisctly pure to the 
eye is sufficient^ under certain conditions, to breed serious epi- 
demics in the population which drinks it." ''Soils, howeTer,an(i 
the roots of growing plants, have a great and rapid power of 
abstracting impurities from sewage water, and rendering it again 
innocuous and free from oontamination." {Report, p, 6.) 

And again, in the First Report of the Committee 
on the Sewage of Towns, 1862 (known as Dr. Brady's), 
we find the conclusion arrived at by Dr. Hofmann, 
^^ that all proposals to use sewage, except the proposal 
to use it for purposes of irrigation, bore in themsdves 
. evidence of their impracticability/' And, lastly, iu 
the First Report of the Rivers' Pollution Commis- 
sioners (1868), vol. i. p. 71, it is stated as the result of 
the numerous and important experiments conducted 
by the members of that Commission, that — 

That por- " Considered merely as a mechanical and chemical agency for 
th* Sat^ cleansing the drainage water of our towns, it seems plain that 
purifier. a sufficient extent and depth of porous soil to be used in ini- 
gation, having periodical intervals of rest, during which the 
soil drains and becomes refilled with air, certainly must be the 
best possible stiuiner, osidiser, and filter of water which, like 
the sewer water of our towns, contains nauseous organic im- 
purities both suspended and dissolved." 

EXAMPLES OF SEWAGE FARMS. 

We will now bring forward some examples to shoir 
what has been done already in the practical applica- 
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tion of sewage water as manure, by irrigation. The 
Health of Towns Commissioners, in their First Report 
(1844), give a short account of this process as applied 
at Milan; the Sewage of Towns Commissioners, in impUon 
their Preliminary Report (1858), give a somewhat 
longer account of it : and from these two Reports we 
gather the following particulars. The city is chiefly 
supplied with cesspools; there are very few water- 
closets, and they communicate with cesspools. 

"It is forbidden to dischai^ urine into the drains, but there 
being so direct an interest against the discharge of any fluid into 
the cesspools (because the inhabitants have to pay for emptying 
them), it may readily be supposed that no more than is un- 
avoidable finds its way into those receptacles, and that as the 
streets themselves abound with urinals, the chief portion of this 
valuable part of the refuse of the town does find its way to 
the sewers." {Prelim. Beport, S. of T. C. p. 40.) 

The liquid refuse of the city is collected in large 
sewers, which join one another and meet in a canal 
called the " Vettabbia." This " is made to ramify and • 
serve for the irrigation of about 4,000 acres of land, 
after which it falls into the River Lambro, about ten 
miles below the city." And here we find a remark- 
able instance of the truth of a fact before stated, 
namely, that the separation of the solid excremental Sewage 
matters from the sewage does not to any appreciable ^m^^ 
extent diminish its manurial value, or prevent its «c'«"^«'*- 
being to all intents and purposes sewage — ^a liquid 
containing large quantities of highly putrescible 
matter. The account is as follows : — 

^ It has been stated how little solid matter is conveyed in this 
stream ; nowhere in appearance is it as muddy as the Thames 
between the bridges, and yet much of the land irrigated by it 
becomes so rich that the surfiice is pared off every few years, 



236 



FILTRATION AND IRRIGATION. 



winter. 



Rich noty BB erroneously stated by some writers on the sabject, in 

manare. order to preserve the level of the lands for irrigatioQ, but to 

obtain the vegetable matter which beoomes in time too luxuriant 

in growth, as material for manure for other lands, for which it is 

highly prized." {Prdim. Hepoti, S. of. T. C. pp. iO, 41.) 

It is calculated that to each acre is applied the 
liquid refuse of about forty persons ; " but it must be 
observed that much of the water is used over and 
over again successively on lands at louver levels." So far 
AdTsntage from being a disadvantage in winter, we find that ''the 
iion in** Vettabbia possesses also the valuable peculiarity of pro- 
tecting from frost the meadows it irrigates, owing to 
the high temperature it receives in its passage under 
the town." {First Report, H. ofT. C. vol. ii. p. 405.) 

^' The expense of forming a meadow for irrigation appeais to 
vary from about £8 or XI to upwards of £40 an acre, ac- 
cording to the original character of the sar&oe. The water is 
turned on for from six to ten hours once a week throughoat the 
summer months, but a certain portion of the meadows are irri- 
gated constantly throughout the winter, and are then called 
* Marcite.' " {Prdim. Repi/rt, S. of T. C. p. 41.) 

A good deal of land around Milan is irrigated with 
water containing no sewage, and on this land a con- 
siderable quantity of manure has to be used ; while on 
the land irrigated with sewage, even the manure of the 
cattle that ai*e fed on its produce is used elsewhere. 
^'To obtain the same produce from such lands/ 
without irrigation would require manure worth " about 
£4 Ss. per acre per annum " 



Ko other 
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'' Some of the meadows irrigated by the sewerage-water of 
Milan yield a net rent of £21 per tomatura (a measure of 
10,000 square metres, equal to about 2^ acres), besides a land- 
tax of 61 francs 10 cents., the expenses of admiuistratioD, 
repairs of buildings, and so forth. These meadows are mowed 
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in November, January, Mareh, and April, for stable-feediug ;. Crops, 
in June, July, and August they yield three crops of hay for the 
winter ; and in September they furnish an abundant pasture for 
the cattle till the beginning of the winter irrigation." {FirtX. 
Report, H, of T. C. vol. iL p. 406.) 

The deputation appointed by the Sewage of Towns 
Commissioners considered themselves justified in 
stating that — 

*^ The experience of the irrigations around Milan adds a striking Value of 

additional proof to those already obtained of the great value to "^^^^ ^^^ 

agriculture of a command of pure water alone, and of the im- of sewage 

mense increase of that value obtained by the addition of sewage ▼Ator. 
combined with the higher temperature derived by the liquid 
in its passage through a town." {Prelim, Report, p. 44.) 

Near Edinburgh, sewage irrigation has been going 
on for the last 200 years^ according to the evidence of 
Mr. Christie-Miller, the proprietor of Craigentinny 
meadows, given before Dr. Brady's Committee. The 
quantities of sewage supplied to those meadows are very 
enormous ; thus in some parts it is applied at the rate of 
the refuse of 350 people per acre, the quantity being— * 

'^Oft^Q as much as ten or Bfteen thousand tons per acre Toomnch 

during the growing season, besides an indefinite quantity during *PPjicd at 

winter. . . . The stream flows on in almost undiminished foul- tinny 

ness to the meadows lower down It is plain that an meadowp. 

enormous quantity is applied, much beyond the needs of the 
largest posKible crop of grasa" {Firtt Report^ R.F. C. vol i. p. 75.) 

The proprietor, on the contrary, holds the opinion 
that the more sewage is supplied the richer is the 
crop. He says: — 

" I do not suppose that any tenant ever complained of having Ko corn- 
too much water put upon his lot they have frequently fj^^^ ^v 

complained of their not having enough, but we never had a com- 
plaint from a tenant that the waterman gave him too much.** 

The increase in the value of the land is very 
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remarkable. Mr. James Smith, in his Report to the 
Health of Towns Commissioners (1845), on the ap- 
plication of Sewer Water for Agricultural Purposes, 
says {Second Report, H. o/T. C. vol. ii. p. 174.) : — 

InereaM of " The practical result of this application of sewer water is, 

valae of that land which let formerly at from 40«. to £6 per Scotch acre, 

is now let annually at from £30 to £40, and that poor sandy 

land on the sea-shore, which might be worth 2s, 6(L per aone, lets 

at an annual rent of from £15 to £20 The average 

value of the land, irrespective of the sewer water application, 
may be taken at £3 per imperial acre, and the average rent of 
the irrigated land at £30, making a difference of £27 ; but 
£2 may be deducted as the cost of management, leaving £25 per 
acre of clear annual income due to the sewer water." 

"During the past year the highest price attained was 
£41 17« 6d. per acre,^ and from that down to £19 an acre 
has been realised. The Italian rye-grass on the same &rm has 
varied in price from £32 an acre for the first yearns cuttings, to 
£25 an acre for the second year's cuttings." (First Report^ 
R, P. G. 1868, vol i. p. 75.) 

At another farm, where eight acres are supplied 
with about 3,000 tons per acre annually, " a quantity 
which, at \d. per ton, if ordinary sewage be taken to 
be worth so much, many ordinary agricultural crops 
would easily repay," the Italian rye-grass grown 

Eqaai qu them has been sold for from £25 to £36 an acre ; 

less sew- ^* priccs equsl to those obtained at Lochend, where 
four times .the quantity of sewage is applied. It 
would seem, therefore, that the enormous surplusage 
of foul water used at the latter place fails to be of any 
agricultural service." The summer's grass of the 
lower Craigen tinny meadows — 

" Is sold by auction to the Leith and Edinburgh cow-keepere 
every spring, and the maximum value reached last year was 

^ That is to say, that the receipt from a certain quarter of an acre 
was at this high rate. 



age. 
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£36 15g. per statute acre. The quantity of grass for which 

sach prices are obtained is believed to vary from 50 to 70 tons 

per acre. And as the means are perfected of distributing the 

sewage more evenly, and as the subsoil drainage of the land 

improves, the quantity and price are both increasing year by year. 

No exhaustion is apparent anywhere. The sewage brings down ResaltB on 

more than the plants require of every necessary constituent of ®^ ^ ®- 

their food, so that even the poor sea-sand is as fertile as the rest, 

and the land is getting richer year by year, notwithstanding the 

enonnoua crops it yielda Taking the average price of the whole 

240 acres to be £2i an acre, we have a total annual produce of 

£5,760 a year extracted by the land and grass from the drainage 

of 80,000 people, or 1& 5d. from each person annually — certainly 

not a halfpenny a ton, over the enormous quantity of sewage 

which is here applied. But the area is not sufficient to take up 

the whole of the filth brought down by the water. A much 

larger extent of crop could be obtained from the use of it^ if 

there were any land convenient on which it could bo applied, 

or if there were a sufficient demand for the produce of it." 

(Fird JReporty R, P. C. 1868, vol. i. p. 75.) 

That the results are not as satisfactory'^to the town Resnitonot 
as they should be, is seen from the fact that the Siy! 
receipts are £7,000, while the cost of cleansing the 
town is £13,000 ; but it is better than quite wasting 
the sewage, as the cost of cleansing the city would be 
the same. 

The Earl of Essex, who has applied the Watford Expcri- 

r • • X- -J 1- r T\ enceoftho 

sewage for irrigation, gave evidence before Dr. Eariof 
Brady's Committee that the increased value of land 
per acre, after deducting the price of the sewage, was 
£2 Is. Qd. clear. It exceeded the rent of the ground. 
He considers that 60,000 tons are sufficient for fifty 
acres of land, and he finds that it is stored up as it 
were in the soil: " put it on when you like, it remains 
in the soil till it is wanted by the plants." Four^or 
five crops of rye-grass are produced in the season, and 
*' I can fatten nearly two bullocks to the acre, besides 
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seven or eight horses, and as many pigs as I have 

room for." On thirty-five acres of meadow grass 

600 tons an acre were applied, and the result was an 

extraordinary crop, such as he ''never saw before using 

the sewage." Wheat was also grown, and it was 

found to increase in value, both in straw and corn; 

it will thrive very well after Italian rye-grass. 

134 tons of sewage were applied to each of two acres 

Very vaiu- of whcat, and from each acre a value of £3 Is. 6d, 

suUk. over and above that of the produce of any other acre 

in the field was produced, or b^d, for each ton of 

sewage applied. The general results of this farm 

show that at three farthings a ton it will pay very 

well to irrigate with sewage, and, at a halfpenny a 

ton, uncommonly well ; but that it would not be 

certainly profitable unless the sewage was got under 

a penny a ton. 

Carlisle was the only town which informed the 
Carlisle British Association Committee of last year that it has 
fy^ no present or prospective difficulty with regard to the 
treatment and utilisation of its refuse matters ; but we 
find that only a part of the sewage is utilised by irri- 
gation, the greater part being still allowed to flow into 
the river; the following account must therefore he 
taken with this limitation. 

The evidence given before Dr. Brady's Committee, 

shows that the sewage (P part of it) is pumped up 

from the main sewer (which really goes into the 

River Eden) on to some land, being mixed as it passes 

Deodorisa- the pump with a small stream containing 1 per cent. 

(»rboifc of carbolic acid, viz. 1 gallon of carbolic acid, 100 

' gallons of water, and 5lbs. of lime. It is stated that 

after this admixture it is perfectly inodorous. It is 
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supplied to the land at the rate of about 4,000 tons 
per acre per annum, by means of iron pipes which can 
be shifted about. There is no disagreeable smell. 
The crops are stated not to be so forward as those at 
Edinburgh, the reason assigned being, either that not 
enough sewage is put on the land (?), or that the 
carbolic acid ^'checks its immediate usefulness as a perhaps a 
manure." This last is a reasonable supposition ; it is tage.^*^ 
certainly very likely that a little too much carbolic 
acid would have that effect. 

The Rivers' Pollution Commissioners found that the 
whole of the sewage was absorbed by the sandy soil, no effloent 
so that there was, " properly speaking, no effluent ^^^^' 
water ; " and so, as there was no drain outlet, the 
result of the purification effected by the land could 
not be easily shown. Nevertheless, the water taken 
from a hole three feet deep, dug in an irrigated 
meadow, was certainly sufficiently pure. 

The sewage of Malvern is utilised on a farm which 
was originally waste land covered with gorse : large 
crops have been got from it ; the cattle prefer the 
grass which has been sewaged ; the milk ' and butter 
are excellent ; sheep thrive well. 

The cost of the preparation of this farm was, for 
147 acres : drainage, £1,000 (£600 for labour and 
£400 for tiles), and £3 per acre for fitting the surface 
of the land. {Mr. M^Canns evidence : Dr. Brady s 
Committee, 1862 ) 

At Warwick, the sewage is received into a tank at ciay fenn 
some distance from the town, from which it is pumped wick. 
through iron pipes up to the highest point of a clay 
land farm about three-quarters of a mile distant. It 
is not received in a tank at the farm, but simply 

R 
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issues from the pipe at the highest point, and flows 
down through open earners into the fields. It is 
stopped at intervals by the workman, and caused to 
flow over the land. The sewage is here very dilate, 
and, as the land is a stiff cUy, we were not surprised to 
find that the part which was at the time being flooded 
was almost a swamp, and we were told by the work- 
men that the difficulty of managing a large amount on 
this very unfavourable soil was, in winter, very con- 
Effluent siderable. But still we saw the effluent water flowing 
parTfied. off at the foot of the fields in a clear stream, which, at 
its junction with the river some distance lower down, 
was as bright and limpid and firee fix>m any offence 
whatever as a stream could be. The analysis of this 
water by the Rivers* Pollution Commissioners shows 
that the purification undergone by it is exceedingly 
satisfactory, especially when allowance is made, as it 
ought to be, for the concentration which the liquid 
undergoes by evaporation; although it must have 
been effected almost, if not entirely, by the action of 
the vegetation itself and of the surface of the soil, for 
evidently very little of it penetrated to any depth. 
Although this farm has perhaps as great disadvantages 
for the application of sewage water as a farm can 
have — namely, a stiff clay soil, a large quantity (10,000 
tons per acre annually) of very dilute sewage (con- 
Duadran- taiuiug ouly 66 '9 parts per 100,000 of total solid 
io«Siiy! matters in solution), which, moreover, has to be all 
pumped to a distance of three-quarters of a mile from 
the outfall works, — "nevertheless, the nuisance is 
sufficiently abated, and large crops of Italian rye- 
grass have been obtained, for which a ready sale at 
Fine crops. 10«. and 12^. aton, upon the ground, has latterly been 
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obtained/' We find that this year (1870) it has been 
sold at £l per ton, and the demand for it is gi*eater 
than the supply. We also saw some root crops doing 
very well, some of which had been recently trans- 
planted; and, what is more important perhaps to 
notice, the example set here is being followed by the Bxampie 
neighbouring town of Leamington (where the "A B C " Learning, 
process has been for some time at work), and irrigation ^^ 
works are being constructed for that town, to supply 
a fann two and a quarter miles off with the sewage, 
which will have to be pumped all the distance^ 

At the Beddington meadows, near Croydon, the 
drainage of from thirty to forty thousand people has 
for the last seven years been disposed of upon 260 
acres of land. In the Ninth Report of the Medical 
Officer of the Privy Council it is stated with regard 
to this farm, that — 

" The sewage after passing over the land oontains just one grain Pnrity of 
of total impurity more than the water of the Croydon Water Works e^^uent 
—22 and 23 grains to the gallon. Here the soil is porous gravel. Oroydon. 
At a second out&ll, at Thornton Heath, 250,000 gallons daily 
are used, on 20 acres of laud where grass and market produce 
are grown, and for most crops it is found to give remarkably 
fiiYomrable results. Here again the soil is gravel. At a third 
out&Il, in Beckenham parish, 37 acres of stiff clay soil are irri- 
gated, and the largest and healthiest crops of all to which the Egpecially 
sewage is applied are got from this clay soil, a circumstance S^d '^' 
tliat was not expected, while the purity of the effluent water is (.jg^ 
ahaost abBolnte. A fpurth out&ll goes into the Metropolitan 
sewers.** {Loc. ciL, Appendix^ p. 101.) 

" Very heavy crops of Italian rye-grass have been 
grown here." {First Report, R. P. C. 1868, vol. i. 

p. 87.) 

"As much as 14 to 16 tons per acre are cut early iu the Crops of 
mouth of May, and four or %yQ cuttings a year are obtained, ^^^'^ ' 

r2 
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avenging from 8 to 10 tons each per acre. Mr. Marriage hsB 

also Buocesaf ullj used dressings of sewage in the cnltiTation of 
mangold mangold wurzel ; and when wheat has heen grown after sewaged 
whoiL ' CP^^^^y ^® ^^ irrigated the field with advantage even so late &s 

the month of July, when the crop has appeared to be flagging 

and apparently suffering during a drought." 

Here, too, the results of the purification of the 
effluent water are, as stated in the Public Health Re- 
port above referred to, and also by the Rivers' Pollution 
Commissioners, exceedingly favourable even in the 
Oreai winter ; it '' was satisfactorily cleansed, and contained 
effluenr but mere traces of suspended matters." Except on 
****'' one occasion during the whole year of 1869, organic 
matters were present in the water, '^in proportions 
considerably below those necessary to render the 
effluent water an offensive addition to a stream at anv 
season of the year." During a seven nights' continued 
frost, however, " the purification became markedly im- 
paired." It appears '' that the cleansing of sewage 
is, in the absence of actual frost, less dependent upon 
. season than upon the quality of the sewage itself." As 
an instance of the utilisation of exceedingly strong 
sewage by irrigation, we may take the case of Ban- 
bury, where the sewers, which were laid in 1854-56, 
FiitraUon. were made to have their outfall into settling tanks and 
filters, and the solid part thus separated from the 
sewage, being mixed with street-sweepings and ashes, 
was sold for manure, while the liquid portion was 
allowed to escape into the Cherwell. This liquid is now 
pumped up to the highest point of a farm of 136 acres, 
which has been leased for twenty-one years at the 
rate of £4 lOs. an acre, while the solid part which 
settles in the tanks is still disposed of in the same 
manner as formerly. The soil is for the most part a 



satUfac- 
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stiff day, and much of the farm is old grass land DiaadTan. 
which is not specially laid out for irrigation. These ***^ 
facts, and the strength of the sewage — which contained 
on October 17th, 1868, no less than 111-5 parts of strength 

of Mwagc. 

total solid matters in solution, of which nearly 14 
parts were total combined nitrogen — make it not 
astonishing that the purification of the effluent water is 
not as complete as it is in some other cases ; still, the 
results attained '' are by no means unsatisfactory ; and 
they are improving, both as regards the cleanness of 
the effluent water and the returns from the use of it." 

"The accounts given of the produce of the land are 8ati»- Produce 
fectoiy, and it is believed that the fjarm will soon repay rent 
and costs and loan ; so that the nuisance hitherto created by the 
town will be ultimately abated without any serious permanent 
chaige upon the inhabitanta." {First Beport, R, P. C. 1868, 
ToL i. p. 81.) 

Worthing is another instance of a town where the Satisfac- 

1 1 n x* i.*!' J V • • i.' tory results 

sewage has been for some time utilised by irrigation, at Wor- 
Formerly it was allowed to gravitate into the sea, *"**• 
fouling in its way a stream to tlie east of the town ; 
now it runs into a tank, and is thence pumped up 
on to about 100 acres of land, although it appears that 
the night sewage is allowed to flow away. In 186G, 
Dr. Buchanan stated {Ninth Report, ALO.P.C. Ap- 
pendixy p. 196, foot-note) that these irrigation works 
"appear to be to the completest extent satisfactory, both 
in their agricultural and financial results ;" and from 
the account of the Solicitor to the Company it appears 
that the profits for the year 1869 amounted to 
£761 185. ; the receipts having been £1,807 4^. 9d. 
and the expenses £1,045 6^. 9d. But it must be 
noted that these expenses were abnormally increased 
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Profit per 
he«d of po- 
palatioii. 



Profit at 
Norwood ; 



at Aider- 
shot. 



by the '' sum of £51 lis. I Id. for a ' Levd ' rate made 
for the protection of various lands from the encroach- 
ments of the sea, which is a special and not an 
ordinary parochial rate/' and by soma other sums 
also. This farm consists of about 96 acres, of which 
about 83 receiTe the sewage of 7,600 people, the 
daily volume being about 480,000 gallons (of which 
180,000 gallons are spring or surGace water). This 
shows at least a net projit, all expenses being paid, 
of 2^. per head of the population. The farm is very 
favourably situated, the soU being a good free loam, 
and the natural slopes convenient for the distribution 
of the sewage. The whole result is a decided success, 
although the sewage is very weak. 

Many other instances might be given of the 
application of sewage of towns in this way, in all 
cases abating entirely the nuisance of the pollution 
of the rivers, and, in several instances, already more 
than paying the expenditures. Thus, at Norwood 
the profit in 1869 was £l48 5^. 9c2., the area under 
irrigation being 30* acres, from which the Croydon 
Board of Health obtained " a revenue of £22 per 
acre during nine months of 1868, and £25 per acre 
in 1869, which, spread over the population to whose 
drainage it is due, amounts to about 3«. 9^. per head 
per annum." At Aldershot Farm it appears that the 
land is let to neighbouring cow-keepers at £20 an 
acre : '' supposing 40 acres here to yield £20 an 
acre, and other 40 acres to owe one-half of their 
crops, or £10 an acre, to the winter sewaging, we 
have here a return of £1,200 from the waste of 7,000 
adults, or Ss. Ad. per head per annum." The sewage 
of Woking Invalid Prison has been applied to some 
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veiy poor sandj soil, so very porous that a dressing 
of 40 tons of sewage, poured on in three-quarters 
of an hour at the head of a quarter-^acre plot, is almost 
ail absorbed before it reaches the foot of the plot. 
{First Heport, R. P. C. 1868, vol. i. pp. 85, 78, 89.) 

" The four plots of one acre were sown with Italian rye-grasB Kesolt at 
in March, and three crops, averaging more than twelve tons each, ^o^>^£»* 
were cnt during the following summer, the plant having been 

repeatedlj sewaged during the iutervala. On plots of 

similar aoO, the heaviest and most luxuriant growth of savoys, 
kale, and cabbage has taken place." 

It appears, too, that peat when sewaged yields as Peatmay 
abundant crops as anything else. It will be an im- ^t^*^' 
mense advantage if peat bogs can thus be converted 
into fruitful fields. In all eases the value of the land 
has been most remarkably increased ; it may be con- 
verted firom perfectly worthless land, certainly not 
worth half-a-crown an acre, to land "worth £30 
an acre to cow-feeders.'* 

At Colney Hatch Lunatic Asylum, the sewage of 
2,000 individuals (120,000 gallons a day), is utilised 
on 70 acres of land, very good crops being produced ; 
two dressings of 250 to 260 tons each are applied. 

The sewage is received into a tank, and a deposit 
forms which is removed twice a year. 

The plant cost £800, say £40 a year; the eight- Ezpenaes 
horse engine, boiler, and pumps cost £4* a year for Satchr*^ 
repairs; and the working expenses are 10s. 6d. a day 
(viz. coals 3«., two men 5^., and interest on capital 
2s. 6(/.=10*. 6d.) 

The sewage is not weU managed, as half of it gets 
away unused. {Dr. Brady's Committee.) 

The results obtained at the Lodge Farm^ Barking, 
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Lodgo are very instructive. In 1868 and 1869 experiments 
Barking. Were tried with wheat, winter oats, rye, and cabbages. 
In 1868, wheat was sown on a slope of shingle; 
part was left unsewaged, and yielded 3 qrs. 5 bush. 
GereaU : with 3 loads of straw to the acre ; part received two 
^[i^en. dressings of sewage (450 or 500 tons in all) and yielded 
5 qrs. 3 bush, with 4^ loads of straw to the acre. The 
winter oats, with three dressings of about 500 tons 
per acre in all, yielded 8 quarters of com with 3 loads 
of straw per acre. The rye, with two dressings of 
450 to 500 tons in all per acre, was thrashed in the 
field in July, and yielded 6 quarters with 3 loads of 
straw. The season of 1869, which was a less favour- 
able one, still produced excellent results : — 

*' The wheat has yielded 4 quarters per acre, the winter oatB 
no less than 1 1 quarters per acre ; the barley ripenlDg unkindly 
only 4^ quarters per acre ; but it must be remembered in all these 
cases, that the field, naturally a poor grayeUy soil, was then 
yielding its third successive grain crop." 

It should be stated that at this farm all kinds of 
crops have been grown. We have a list before us of no 
Great Icss than thivty-eight different vegetables which have 
of "ropB. ^ flourished upon it, beginning with cereals — ^includ- 
ing maize — ^passing through various forms of grass, 
pulse, greens, root crops of all sorts, potatoes, salad 
plants, and fruit in the shape of strawberries, rasp- 
berries, currants, and gooseberries. 

Return ** The Lodge Farm experience, confining it to its growth of 

per head, grass, may be said to represent a return of 5*. annually from 
every individual contributing to the sewage used upon it. Sup- 
posing the water supply to be over 30 gallons ahead, each person 
will make 50 tons of sewage annually, corresponding to the pro- 
duction of 10 cwt. of grass worth 10«. a ton." (Fint Repart^ 
K P. C. 1868, vol. i. p. 77.) 
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EXPERIMENTS ON VARIOUS CROPS. 

The Sewage of Towns Commissioners instituted a 
series of important experiments to show the value of 
sewage and the amount of the crops that could be got 
from it by irrigation. From these they concluded — 

'* That the most beneficial and most profitable method of dis- Conclu- 
poaing of sewage where circumstances will admit of this use of ^^^ ^* ^^ 
it, is by direct application in the liquid form to land ; where 
such applications can only be conveniently effected near habita- 
tions, it may be desirable to employ some deodorising agent, but 
mually, if proper arrangements are made for conveying sewage 
on to the land, this expense need not be incurred." (Second 
R^oort, S. ofT. a 1861, p. 40.) 

** By the application of large quantities of dilute town sewage Ezpeii- 
to permanent meadow land during the spring and summer mentaof 
months, there was obtained an average increase of about four 
tons of green grass (which, owing to the lower proportion of dry 
substance in the sewaged grass, was equal to only about three- 
fourths of a ton of hay) for each thousand tons of sewage applied, 
until the amount of the latter approached the rate of about 
9,000 tons per acre per annum. The largest produce obtained Produce, 
was about 33 tons of green grass per acre. The period of the 
year over which an abundance of green food was available, 
was with the largest amounts of sewage between five and 
six months." {Report by Mr. Lawes^ loc. cit, p. 36.) 



cows. 



This grass was shown to be suitable for fattening Fattening 
oxen, especially if a little oilcake was given in ad- 
dition. Milking-cows give considerably more milk Milking- 
in proportion to the solid matter contained in their 
food when fed on sewaged than on unsewaged grass, 
though they give a less quantity in proportion to the 
quantity of fresh grass consumed. " Milk to the gross 
value of £32 per acre was obtained where the largest 
quantity of sewage was applied. The gross value of 
the milk from the increased produce of each thousand 
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tons of sewage was between five and six pounds." 
Sewaged grass contains less dry substance than on- 
sewaged grass, and a given weight makes less hay, 
More ni- but the dry substance of sewaged grass generally con- 
matter in tains a higher proportion of nitrogenous compounds 
^^!^ than that of non-sewaged grass. {Loa cit. p. 37.) 

In the Third Report of the Cofnmission (1865) 
the following results are reccffded (pp; 72, 73) :— 

Barly and ^' By the applicatioB' of sevrage to gmas-land during the winter 
late cropa. ^ ^ery early cut or bite of green food may be obtained, but the 
amount of increased produce due to the winter application is 
comparatively smaU for the amount of sewage employed.*" 

" The period during which an abundance of green food was 
atailable, was extended considerably at the end as weU as at the 
beginning of the season, and the more So the larger the quantity 
of sewage applied, almost up to the highest amount employed^ 
Poor soil "^^ 9,000 tons per acre." A poorer soil ^'gave fully as much 
aa fertile produce per acre, under the influence of liberal dressings of 
"f*^***^ sewage, as the naturaUy much more fertile soil'* While from 
the average of three year% and from the two fields on which the 
experiments were conducted, '' the amount of produce obtained, 
without sewage, was about 9^ tons of green grass per acre per 
annum, equal to about 3 tons of hay ; and with 3,000, 6,000, 
IncNaied ^^^ 9,000 tons of sewage per acre per annum the amounts were 
amounts respectively about 22^, 30^, and 32^ tons of green grass, equal 
of produce respectively (reckoned according to the percentage of dry sub- 
stance in each) about 5, 5f , and 6^ tons of hay." 

But the largest quantities obtained were as much 
as 35 tons of green grass in one field and 37 tons in 
the other, equal respectively to 6 tons 12f cwt. and 
7 tons Icwt. of hay. These crops were produced with 
9,000 tons of sewage per acre per annum. The 
notpropor- increase in the crops was not proportional to the 

tional to _ \, /• i • 

increased increased amount of sewage, for the mcrease per 
tero^!^^ 1,000 tons was, when 3,000 tons were applied, about 
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5 tons of green grass; when 6,000 tons were applied, 
4 tons 2^wt.; and when 9,000 tons were applied^ 
3 tons 3^cwt. The results obtained with Italiim; 
lye-grasa gave about the same increase of produce. 
Fattening oxen consumed more sewaged than un*' i*atteniDg 

1 . 1 - J. If • oxen less 

sewaged grass to produce a given rate oi mcrease; return 
but, reckoned as dry solid substance, the amount con- ^'^ "^^ 
samed was less to produce the same result. It was 
found advisable to give oilcake in addition, and the 
money return was not nearly so &vourable with 
fattening oxen aa with milch cows. With regard to 
the weights of sewaged and unsewaged grass which 
produced a given quantity of milk, the results were milking- 
the same as before, all of them showing that the ^^ 
dry solid substance contained in sewaged grass is 
more nourishing than that contained in unsewaged 
grass. 

'* On the average, about six parts by weight of fresh grass 
yielded one part by weight of milk. By the aid of sewage, the 
time that an acre would keep a cow, and the amount of milk 
yielded from the produoe of an acre, were increased between 
three and fourfold." (Third Report, 8. of T. C. p. 74.) 

Sewage-grown Italian rye-grass was found to be Fayour- 
niore favourable for the production of milk than * ® 
meadow grass (the result of only one experiment). 
From these experiments it is calculated that *' with an 
application of about 5,000 tons of sewage per acre 
per annum to meadow land, an average gross produce 
of not less than 1,000 gallons of milk per acre per 
annum may be expected .... an average gross 
return of from £30 to £35 per acre, in milk at Sc?. Return 
per gallon, may be anticipated/' With regard to- the J^°™ "^*^' 
grass, it has been stated that the proportion of nitro- 
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genous substances was greater in the sewaged than 

in the unsewaged grass. It was also found that this 

quantity was much higher in the solid matter of the 

grass grown t-owards the end of the season; audit 

would appear that the greater productiveness in milk 

and in increase of flesh, observed as the result of 

feeding with sewaged grass, depends more on the 

Quality of quality of these nitrogenous matters, and their ready 

genooB assimilability, than on the actual percentage of them. 

thfl^pSi^ The milk obtained was greater in quantity, when 

Qaantity compared with the amount of dry solid substance in 

of t^e ^ the grass, with the sewaged than with the unse waged 

°^*^ grass. It was, however, slightly less rich, but when 

some oilcake was given with the grass its richness 

Experi- was notably increased. An experiment was made on 

oats. the effect of sewage irrigation upon oats : this showed 

that when only 135^ tons of sewage per acre were 

Excellent employed, " the gross value of the increased produce 

amounted to more than 5d. per ton of the sewage 

employed, or to about three times the market value 

of the constituents of the sewage, supposing them 

to have been extracted and dried; and in another 

experiment, in which 510 tons were applied per 

acre, the gross value of the increased produce 

amounted to about l^d. per ton of the sewage 

employed.'' {Loc. cit. p. 78.) These experiments 

were made under exceptional circumstances, with 

dry weather, a very productive season, and sewage of 

about double the strength of the London sewage. 

These results with oats, as well as those obtained by 

the Earl of Essex with wheat, show in both cases 

High ^"a very high gross money return per ton of sewage 

^ ""' employed." The general conclusions of these Com- 



FILTRATION AND IRRIGATION. 253 

missioners are — that sewage should be applied, to should be 
obtain the highest value from it, " in small quantities l^Ji ^ 
per acre, and in dry weather ; " that 5,000 tons per ^J^^ 
acre applied to properly prepared grass land would 
produce the most profitable result; and that the 
effluent water would be sufficiently purified. That 
the above quantity would represent the sewage (in- 
cluding rainfall and so forth) from fifty individuals, 
so that " a population of three millions would require 
about 60,000 acres constantly under irrigation." 
That the greater proportion of sewage would have to 
be used on grass land, because the expense of distri- 
buting it by means of piping and hose-and-jet to 
arable lands instead of by open carriers (as to grass 
land), would be too great to warrant the large employ- 
ment of it in this way. We shall see that this 
method of distribution is ^ot by any means necessary 
in the application of sewage to arable land any 
more than it is to grass land. The Commissioners Concin- 
concluded from their experiments " that the farmer ' 
would not pay three-farthings, and probably not a m to 
halfpenny per ton the year round, for sewage of the 
average strength of that of the metropolis (excluding 
storm- water), delivered on his land." It is pointed out 
by the Sewage Committee, 1862 (Dr. Brady's), that 
the reason that such an unfavourable monetary value 
was got by Mr. Lawes was, that the sewage was Toomnch 
applied in a manner likely to cause waste, and in too aboye ex^ 
large a quantity ; and the case of Annerley schools pc^*™®**^ 
was instanced, where 9d. a ton was got in value from 
the sewage, and where it was found that 1,500 tons 
per annum, distributed by hose-and-jet {i,e. distri-. 
buted carefully), produced an equal result with from 
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8,000 to 9,000 tons distributed by gravitation (pro- 
bably not with sufficient care, or proper laying out 
of ground) ; and Philip Miles, Esq. gave evidence 
before the same Commission that he had abont 
douUed the value of fourteen acres of land by care- 
fully utilising the sewage of thirty people upon it, 
Yeiy high aud that he calculated that there was realised a clear 
eoDnomLi profit of £l a year for each person's sewage, instead 
of Mr. Lawes's Is. or is. There is nothing impossible 
in so high a profit; it merely shows the great valae of 
the water itself — a consideration which may come to 
be an important one in future valuations of sewage. 

The above experiments are, however, most valoable 
from many points of view ; but they do not give any 
account of results with other crc^s than grass and 
oats, and so we must turn to the results obtained at 
Lodge Farm, Barking, and at Breton's Farm, near 
Romford, in Essex. At the latter place we find from 
the evidence given by Wm. Hope, Esq., V.C., brfore 
the Reading Local Board of Health, that he rents a 
farm of 121 acres at £300 per annum, and that he 
pays in addition £600 a year for the sewage of the 
town of Romford delivered on to the farm, being 
equal to two shillings per annum for the sewage per 
head of the population, and that moreover he *^ agrees 
to bear the Board harmless in respect of all actions for 
any damages or nuisance.'' On this farm he has grown 
successfully all the crops above mentioned as grown 
at the Lodge Farm near Barking ;- and on the 6tb 
of August, 1870, we saw very fine crops of almost 
every kind growing there, and remarked that several 
of them bore excellent evidence to the fact stated, 
that roots bear transplantation remarkably well when 
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supplied with sewage. A crop of maize was exceed- 
ingly luxuriant, and gave every promise of ripening, 
and the only fault that could be found with a plot of 
oats was that they were too thick, the ears being 
especiaUy heavy and of very remarkable length, in 
some cases as much as 27 inches. It may be stated as 
a proof that strawberries (a very valuable crop) thrive straw- 
well when suppUed with sewage, that those the Lodge 
Farm produced (in 1869) were the finest in Covent 
Garden Market, and fetched the highest price. Beet- 
root promises to be a crop of the greatest importance Beet-rooL 
in sewage farms, and the manufacture of sugar from 
it would certainly reaUse a very large profit. Pro- 
fessor Voelcker finds that the best beet-roots grown 
in Holland, Suffolk, and Scotland give from nine to 
ten per cent, of sugar at the outside, while the roots 
grown at the Lodge Earm, with London sewage, give 
13"19 per cent, of it. There seems no reason why hops 
should not be manured with sewage, and indeed they 
would appear to be a crop especially suited for it, as they 
require to be manured while growing. From a paper 
read by Mr. Hope at the Institution of Surveyors, on 
November 22nd, 1869, we find that he considers ItaUan i**^'*"^ 
rye-grass to be the staple sewage crop, and that it will 
produce, under proper cultivation, ten crops, averaging 
nine or ten tons each per acre, in one season, by the 
appKcation of a sufficient quantity of sewage — the 
grass being sown in the month of August ; and that 
from the farmer^s point of view the dilution of the DiiaUon 
sewage of a town should not be less, if possible, than ^ ^''•s®- 
from 25 to 30 gallons of hquid per head of the 
population daily. The sewage of 35 to 40 persons 
per acre is a sufficient average for a term of years. 
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THE SEWAGE FARM. 

In order to obtain ground for the utilisation of the 
liquid sewage of a town where no private individual or 
company can be found to undertake to do so, paying 
the town for the privilege, it has been recommended 
by the Rivers' Pollution Commissioners (1868), 
that— 

** Subject to proper regulations to prevent abuse, additioDal 
powers be given to corporations, local boards, manufacturere, 
and others, to take land compulsorilj, under 'Provisional Order,' 
for the purpose of cleansing sewage or other foul liquids, either 
by irrigation, filtration, or otherwise." {First Report^ voL L 
p. 136.) 

Well then, suppose the sewage to be carried out 
of a town in a covered sewer to the ground which 
has to be irrigated. This sewer would, of course, 
have to pass on its way, in many cases, through 
private property, and to this end the Commissioners 
recommend that the authorities above mentioned 
should have power — 

"To obtain, if required, easements for the construction of 
culverts and ont&Us for drainage through private property, 
making compensation only for damage actually done ; reserving, 
however, to the owner the right at any time afterwards^ if be 
could show further damage, to have further compensation." 

In cases where the proprietors of land through 
which the culvert passes are desirous of obtaining 
sewage as manure for their own land, they could be 
allowed to take it at suitable places upon a payment 
for it according to the quantity required. It has 
been proposed that no diflFerence should be made iii 
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the price of sewage at different distances from a town, 
but that it should be uniform^ '^ upon the principle of 
the penny postage/' Where the ground to be supplied is 
on a lower level than the town, the sewage would simply 
be allowed to run continuously without the interposi- 
tion of any tank, unless it were considered advisable to 
have one for keeping the night sewage until the next 
morning, or unless it were proposed to strain or filter 
the sewage in some way before sending it on to the 
land, in order to separate the suspended solid matters* 
And here we must remark on the immense advantage Fntniioa 
that it would be to supplement the irrigation in every ^^^^^> 
case, as is done at the North Surrey District School and 
some other places, by some method of simple filtra- 
tion. In this way the most offensive and least valu-* to separate 
able part of the sewage is separated from it before ^re^mat. 
it is allowed to spread itself over the ground. ^^^ 
The sewage is not by it appreciably diminished in 
strength, while the black mass remaining on the 
filter-beds could be mixed with town sweepings, or, in and utuise 
stone countries, where ashes are not required for brick- and street 
making, with these latter ; and in this way a solid "^^^p**^- 
manure would be prepared very similar to the con- 
tents of ash-pits and middens, and which might, in 
some cases at any rate, be made to pay wholly or in 
part for the cost of scavenging the town. We find, 
from the Report issued by the British Association 
Committee of 1869-70, that at one or two towns, and 
especially at Dundee, the contents of ash-pits and 
middens are made to pay for the cost of scavenging ; 
while at the town mentioned, a profit of about 1^. 
per head of the population is realised. The con- 
tents of the Lancashire ash-pits are so valuable in 
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liooolnshire, that they sell for prices which pay for 
the cost of their transport thither, but which do not, 
«. we have seen, nearly pay for the cost of scavenging 
the towns. From these cases we may conclude that 
the manure prepared by filtration in the above-men- 
tioned way, though possibly it might not be quite so 
rmuU valuable, would still help considerably to pay the ex- 
to^^ fo/ pense of collecting ashes and street sweepings. But 
tS^Swnl?* ^^^ ^^J ^^ preparing it would have the inestimable 
advantage of not being carried on all over the town 
from day to day, a practice which we have seen to be 
an especially unhealthy one. It would also, as a 
secondary advantage, afford the possibility of keeping 
GftnpTe- all the ashes separate from the manure in countries 
Mhw ^pa- where either the ashes are valuable of themselves, or, 
Swsabie'* on the other hand, render the manure by their admix- 
ture with it, as is often the case, totally unfit for the 
soil. At the school above mentioned, it was found 
Ezperi- that four tons of clay ashes, with a quarter of a ton of 
Korth^ peat charcoal, produced, by filtration of sewage through 
Dutri^t ^^' eight tons of manure at the end of a month. The 
Schooii. effect of this manure on the crops, at the rate of 
two tons per acre, was equal to that of 20 tons of 
ordinary farm-yard manure. The comparison was 
made by treating two plots with the quantities just 
mentioned for three seasons in succession : the result 
was that the crops were ** as nearly similar as could 
Viiue of be.'' This manure was found to be worth 10s. a ton, 
manure, and the two tons per acre about equivalent to 4 cwt 
of guano ; but with crops subsequent to the first crop, 
the result was far superior with the sewage or farm- 
yard manure than with the guano. As to the expense 
of production, it was found that the peat charcoal cost 
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£3 3s. a ton (fine ashes, however, would in many Coete. 
towns be a worthless product, and so their expense 
would be that of carting). The clay cost 3^. a ton to 
bam it when on the spot, so that the filter, consisting 
of four tons of burnt clay and a quarter of a ton of 
charcoal, cost £l 8^. 9c2., and produced eight tons of 
manure, worth £4. This manure being used for 
swedes and mangold wursel, gave a result of 25 tons Results 

, . ^ on crops. 

an acre : an unknown quantity of potatoes were 
also supplied with it. Wheat was sown after these 
roots, and produced five quarters to the acre, ** except 
where guano was used, when the crop was consider- 
ably lighter, both in straw and corn/' It must be 
noted that the soil of this farm is mostly a stiff day. 
(First Report on Sewage of Towns, 1862 : Dr. Brady s 
Committee.) 

Whenever sewage has to be pumped, some sort of Separation 
straining, through gratings or otherwise, mtist in- i^^^^ 
e?itably be resorted to in order to separate off the **^"^<^ 
larger solid bodies that are brought down with it, and 
that are of the most varied nature. 

In the cases, too, where simple filtration has been 
applied as the sole means of purifying the sewage, the 
manure has generally sold easily, and the filtrate 
which was allowed to run away, has sometimes ren« 
dered the brook into which it has run valuable as an 
irrigating liquid for farms lower down. 

But where the land to be irrigated is above the Receiving- 
town, so that pumping must be had recourse to, as at 
Warwick, Banbury, Romford, and so forth, it must be 
received into a tank or well, which should be covered, 
and provided with a high ventilating chimney. It is 
essentially necessary that it should so enter such tank 

s2 
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that there is no chance of sewage being backed up in 
the sewer : and here we see the advantage of keepin 
the storm- waters out of the sewers ; until this is done, 
Disadran- it must happen, in cases where tJie sewage has to he 
Btorm^ pumpedy that the well will get filled faster than the 
^^' pumps can empty it» that the sewage will be backed 
up in the sewers with the ill effects already described, 
and that it will overflow from the tank ; indeed, it would 
be necessary to provide a storm overflow for it : and 
although it may be contended that the sewage is so 
excessively dilute in such case that no harm would 
arise from its being allowed to enter the river, yet the 
answer must be that the manure would be lost, that 
the same amount of sewage would still enter the river 
although with a larger body of water, and that in 
towns where accumulation takes place in the sewers on 
account of their faulty construction or of want of 
regular flushing, the sewage so escaping is actually 
very much stronger than it is in ordinary times. The 
pumps musty of course, be double, so that one may be 
used when the other is out of order, or even that the 
two may be used at once if necessary. 
Power One horse-power will lift 3,800 gallons of water 

o pumpg. ^^^ ^^^^ j^^j^ .^ ^ minute, so that about 300 horse- 
power nett, working constantly, is required to raise 
ten million gallons 100 feet in twenty-four hours. 
Strong iron pipes are the only ones that are 
suitable on a large scale for pumping through. At 
Bedford, where the water supply does not much ex- 
ceed 150,000 gallons daily, but where, from subsoil 
water, the amount of sewage to be pumped is as 
Example much as fivc or six hundred thousand gallons daily, 
required, two 12-horse-power engines are employed, each of 
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which can lift 2,000 gallons a minute to a height of 
20 feet — obviously more than enough for the amount 
above given, and this is to allow for storm^water. 
The sewage is then pumped xtp to the highest point 
of the land to be irrigated, and here, as may be 
seen at Warwick, there is no necessity for a storing 
reservoir. . 

We have thus seen the sewage, filtered or not, 
delivered on to the farm in one of two ways ; it now 
remains to consider the most suitable manner of 
spreading it over the ground. The most obvious way 
is that of the " Marcite'' meadows at Milan, namely, 
to let it run everywhere, in fact to produce " water 
meadows,'' separated from the land around by a bank. 
The disadvantages of this plan agriculturally are, that sobmer. 
it water-logs the soil, and that it is not suitable to all Javan-^*^ 
crops, injuring the upper parts of the plants ; neither ^*e^^ 
does it allow of intermittent downward filtration, which 
admits air, so essential to the growth of plants and to 
the purification of the sewage itself, especially when 
the land is fallow ; so that the effluent water would not 
be purified at all times, as we have seen that it is not, 
by contimuyus downward filtration. It has been pro- 
posed also to carry the sewage to the plants by subter- 
ranean irrigation ; that is to say, by porous pipes laid 
deep enough in the ground to be out of the way of the 
plough : and indeed it is suggested that sometimes the 
ordinary drainage pipes may be used for this purpose 
by stopping up their outlets during the time that the 
irrigation is going on. This method is so obviously a Sabter< 
bad one that it scarcely requires any further remarks. Ih^Uoq 
The sewage is sent into the ground below the roots J!^^*** 
of the plants instead of among and above them, as it 



262 FILTRATION AND IRRIGATION. 

should be. The downward filtration which we have 
insisted on as the very principle of irrigation is aban- 
doned, and it is plain that the greater part of the 
manure must be lost. * 
HoM and The next plan, which has found a great many sup<* 
ug». porters, is that of underground pipes and hoge-and- 
jet distribution. The advantages claimed for this 
plan are that by it every plant and every square inch 
of ground can be thoroughly supplied with the manure, 
and that it is the only method that is suitable for a 
variety of crops. That this is certainly not the case 
has been amply proved by experience. The objectians, 
DiittdTBii- on the other hand, to this plan are, its great expense 
^*^^ both as regards plant and labour; the fact that it 
applies the sewage to the tops of the plants rather than 
to the roots ; that a stronger flow is required in order 
to overcome the friction in the pipes ; and that it is 
well calculated to cause a nuisance to the neighbour- 
hood. It is a plan that has been very successful on a 
small scale, but that could never be used on a large 
one ; and Messrs. Lawes and Way concluded from their 
experiments {Sewage of Towns, Third Report, 1865) 
that sewage was not applicable to arable land because 
Faiiara of of thc'great expense that would attend its distribution 
jet* and j^y mgi^ns of pipes and hose and jet. For this reason 
it had failed on the Duke of Northumberland's land 
near Alnwick, where the tenants gave it up rather 
than pay the cost of its application. This is entirely 
condemnatory of the hose-and-jet system, but it hardly 
warrants the assertion that sewage is inapplicable to 
arable land. {See paper by Messrs. Lawes and Gilbert 
in the Journal of the Chemical Society, April 1 866.) 
The only method, then, that we have left is that of 
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open snrfiBce channels, which has now come to be open 
toloiably generally admitted to be the correct one. It ^ 
becomes interesting to know whether the sewage is 
likely to lose any proportion of its most valuable con- 
stituent, ammonia, by passage in open channels (par- 
ticularly if open conduits be used for carrying it from 
the town to the farm.) The Bivers' Pollution Com- 
missioners (1868) made some experiments on this 
point. {First Report, vol. i. p. 93.) They found that on ExpeH- 
exposing a solution of carbonate of ammonia contam- a solution 
ing 9-75 parts in 100,000, in a layer of 12^ inches Sl^Jf*' 
deep, continually to a strong draught of air, the loss *™"»o»»^ 
from it diuing the first three days was perfectly in- 
appreciable, and in 16 days only amounted to 1*5 part 
per 100,000; while even the loss of another solution 
contaimng 9*25 parts, and in a layer of only two inches 
deep, was after 24 hours absolutely inappreciable, and inappreci- 
after three days the solution still contained the same ^moSa^^ 
proportionate amount of ammonia ; that is to say, it fo,^^^^" 
lost ammonia predaely in proportion to the evapora- 
tion that took place ; or, in other words, the difference 
between the volatility of the ammonia and that of the 
water in such solution and after such a time is, under 
the most favourable conditions, inappreciable. *^ Even 
after the lapse of three days the proportional loss 
amounted to little over 13 per cent. At the rate of 
only one mile per hour, sewage would during this time 
have travelled 72 miles." The layer two inches deep 
lost over 13 per cent, in three days, while that 
12^ inches deep lost only 2\ per cent, in the same 
time; that is to say, that, seeing the sewage in a 
conduit would be generally of some such depth as this 
or deeper, " the appreciable loss of fertilising effect, 
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from the evaporation of carbonate of ammonia daring 
its flow along a conduit of any length likely to be 
constructed, need not be feared/' Dr. Hofmann, too, 
stated before Dr. Brady's Committee, that after a 
flow of 10 miles in an open culvert (with a medium 
temperature) it would be in very much the same con- 
dition as before. The objection raised to open conduits 
therefore vanishes, though in many cases it would no 
doubt be advisable to cover them over (as the Romans 
did their aqueducts) in order to prevent improper 
substances being put into them. For carriers raised 
above the ground, wherever it is desirable to use these, 
sheet-iron has been found to be a very suitable 
material. It should be well painted inside and out ; 
no accumulation takes place in it, and a suitable 
incline for these carriers is that of five inches in 
100 yards. The beds should run at right angles 
to these carriers, and the carriers be so placed that 
the beds slope from them. At intervals along the 
carriers, taps of some simple construction should be 
placed, so that the sewage may be turned on when 
required for any particular plot. Where iron carriers 
are not necessary, concrete ones are found to answer 
well, and at some places, as at Bedford, 15-inch pipes 
are used for this purpose. If the sewage were well 
filtered, the use of concrete would be the less neces- 
sary, although concrete carriers would always be pre- 
ferable to open ditches. With unfiltered sewage they 
are absolutely necessary, as the deposit from it cakes 
on the sides of the ditches and produces an ofiensive 
smell. This we have noticed at Croydon, in the Bed- 
dington meadows. When the sewage is delivered by 
pumping to the highest point of the farm, and the 
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groand is very sloping, it may be preferable to resort, Uying oat 
as at Warwick, to the " catch-water " system, which ground. 
consists in running carriers down the slope of the hill "Catch. 
and along the fields, so that they are more or less tem^on*^* 
parallel to each other, and the overflow .from the ^^^^^ 
higher ones falls into those below. With a general 
slight fall of the land, the *'pane and gutter' system, p^^^ and 
in use at Croydon, may be employed. By it the 1^^^^^*^ 
sewage is taken by the minor carriers along the fields ^lopw. 
across the direction of the greatest fall, and allowed 
simply to spread over the surface of the beds from 
above downwards; but as a general rule the best Ridge and 
plan is doubtless the '^ ridge and furrow" system, in ^^J'^ 
which each plot consists of a ridge, that is to say, falls ^ & 'i^^- 
away on each side from the centre. At Bedford, the 
beds '' are about 70 feet wide on the side, with a fall 
of 8 or 10 inches from the central carrier to the mid- 
way furrow; " while at Breton's Farm a breadth of 30 ft. 
(15 ft. ''on the side") has been found most suitable. 

The simplest contrivances only are necessary to DiBtnba- 
stop the sewage from certain beds and turn it on to |^^^ ^^ 
others. Along the summit of each ridge is merely a ^« *^*- 
small furrow through which the sewage is allowed to 
run; the workman should walk down the bed with 
an iron plate in his hand, with' which he stops 
the sewage at intervals, so as to force it to run over 
the surface of the bed on each side of the small 
carrier. It is not very material whether this be done 
from above downwards or from below upwards; in 
fact, it may be done alternately by going down one 
bed and up the next, the sewage being turned on and 
off, as required, by a boy. 

At Carlisle the sewage is distributed over the land 
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Portable by 106008 of light portable iron troughs, which cao 

be shifted about by the workman so as to deliver it 

at any required point One great condition for the 

successful purification of the sewage is that the land 

Drunft. should be well drained; and clay lands must be 

broken up and treated with town ashes and Ume, so 

as to facilitate the drainage, otherwise the sewage 

will run over the surface and run the risk of not 

being purified. Six feet deep is a good average depth 

for them on tolerably porous soil. 

Advantage As to the dilutiou of the sewage, it is certain that it 

nte 'wljt vould be more valuable as a general rule to the farmer 

^"^ if the rain and subsoil water could be kept out of it, 

as by a separate system of drains and sewers, although 

it is also certain that in many cases this proceeding 

would render the sewage too strong ; so that it would 

be advisable that it should be possible to connect the 

drains with the sewers, not merely, as above stated, 

for flushing purposes, but, when required, to dilute the 

Bat lew- sewage. That this is true is seen from the fact'that at 

requUe^ Breton's Farm it was necessary, during the past very 

dry season, to turn all the effluent water sometimes, 

and invariably the greater part of it, back into the 

tank, to be re-pumped over the grounds with the 

sewage. To show the advantage of liquid manures 

over solid, we may quote Alderman Mechi's evidence 

before Lord Robert Montagu's Committee. He says 

that farmers would find it worth their while to take 

Kecessity regular supplies of sewage, '' even if they paid 2^. 

or 3d. per ton, because, if it suits me at certain seasons 

during the summer, when there is growth, to pay 2d. a 

ton for water to wash in the guano, which does answer, 

it would answer to pay (although we should like to 



dilution. 



of water. 
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have it cheaper) from 2d. to 3c?. per ton for sewage." 
{Committee on Sewage, 1864, p. 141.) Though it 
wonid probably not answer, at first at any rate, to pay 
that price for it, except when water is most wanted. 

With regard to the question of its use in winter, vaioe in 
when it must also be pumped on to the land, we may ^^^^' 
point out that most lands have the power of purifying 
it, and of retaining its valuable constituents boxed up, 
for use at a future time; and that, moreover, it is 
certain that by sewaging through the winter a very 
much earlier crop is got in the spring. The evidence 
from Milan must also not be omitted, showing a great 
advantage to the crops from the warmth of the water 
passing away from the town. 

The amount of labour that must be expended on increase 
carefully irrigated lands is doubtless much greater 
than with ordinary farms, this being chiefly occasioned 
by the enormously increased crops and their rapid 
growth — the farms becoming market gardens. Thus 
work is provided, and well paid for too, as shown by 
the results obtained on all the well-managed farms 
which we have described; the farmer being always Certain 
sure of his crops, as he is perfectly independent of the ^^^*' 
long droughts which we get in the summer, just when 
a little rain would be worth anything to the land. 

The diflBculty arising in very wet seasons would be to Wet soa- 
a great extent got over by keeping the rain and subsoil ^^ 
water out of the sewers ; while in summer the irrigation 
farms are often the only green spots in the country. Droughts, 
fertile oases dispersed only too sparingly throughout 
a desert of parched vegetation. 
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ADOPTION OF SEWAGE IRRIGATION. 

In the First Report of the British Association 
Sewage Committee, p. 28, it is stated that *'in onlj 
15 places out of the 96 where the water-carriage 
system of removing ezcretal refuse is adopted, either 
generally or partially, is the sewage applied for irri- 
gating land," while twelve other towns were about to 
do so or contemplated it. We must now add to the 
Towns list of towns then given, those of Romford, Warwick, 
Mwage and Cheltenham, which have adopted the irrigation 
^ ^^ system, and Leamington, where it will be at work 
before long : Oxford too is about to adopt it. From 
abroad we find that " already Dantzick and Frankfort- 
on-the-Maine have determined to follow the English 
example.*' {Sewage Irrigation, by Adolphus Fege- 
heutel.) 

" The agrioultural value of the sewage water now poured use- 
lessly into the Baltic has been proved by an experiment made last 
year on a very small scale, by irrigating pure sea-sand with the 
water of one of the principal canals of StnJsund : the results 
Foreign corroborate the favourable reports zeoeived from England, rye- 
opinions gj.j^gg having been cut every month from 12 to 18 inches high ; 
Bokhara clover has also grown well on the irrigated sand.'* 
(German Quarterly Review of Fuhlic HeaUk,) The engineere to 
the municipality of Paris remark in their Report, in speaking of 
French irrigation : '* The agricultural results are not to be doubted. We 
Engineers' are on a gravelly soil which calls for the alluvium formed each 
187^ day by the traffic and life of two millions of inhabitauta We 

enjoy a temperate climate invigorated by a radiant atmo- 
sphere, all is possible — grass, vegetables, flowers, and fi-oits; 
and we have, for disposing of the produce, an unrivalled market, 
' Les Halles ' of Paris. It is therefore time to will and to act." 

Professor Dunkelberg, of Wiesbaden, also holds the 
opinion that *^ the irrigation system can alone cover the 
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expenses and deliver the manure in the simplest and 
most efficient manner for the farmer;" and he recom- 
mends that a bill be passed by the North German Recom. 
Confederation to the effect that all sewage should be tiona to 
fully utilised in the irrigation of land, and no longer ck^Tn- 
suffered to pollute any running water. Michel Levy ^^^^ 
also gives in his unqualified adhesion to the irriga- 
tion system* He says {TraitS d^Hyffidne, tome ii. 
p. 433) :— 

"All will go to the sewer, and, by the prolonged sewer ramified Michel 
to a distance, on to the earth in its natural form. Excrement, ^^^J^^ 
urine^ slops, residues of every kind, all this constitutes the rich- 
ness of the liquid manure, carted (charri€)shj the sewers; it is 
useless to collect it in large tanks, to manipulate it, to transform 
it ; the spreading of it over the soil, directing it by inclined 
culverts upon the lands which have need of it, preserving the 
purity of the waters, of the streams^ and of the rivers ; such is 
the end that more than one city has already reached, that 
London actively pursues, and that the force of circumstances 
will induce the administration of our capital to search after; but ' 
not without great expenditure, of which the repayment is sure." 

Lastly^ Dumas, when inspecting the Barking Farm, Damas* 
expressed his opinion in these words — which, coming ^^^^^^ 
from the mouth of such a man^ are worth volumes 
of unauthorised statements : — " Oui, Veau doit etre 
la charrette de Tengrais" 

We conclude, then, from the fiacts brought forward conoiu- 
in this chapter— "^^"• 

(a.) That by careful and well-conducted sewage Panficar 
irrigation, especially with the application of moderate Hqnid^e!^*^ 
quantities per acre, the purification of the whole liquid [^|K"*^ 
refuse of a town is practically perfect, and has been v^^^^ 
ensured in cases where it was not at all the object of 
the agriculturist ; and that it is the only process known 
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by which that purification can be effected on a large 
or small scale. 

(6.) That perfectly worthless land^ blowing sea-sand 
for instance, can be made in this way to support large 
and valuable crops. 

(o.) That the quantity per acre of all crops obtained 
from even the best land ia enormously increased. 

(d.) That it reduces to a great extent, or renders 
entirely unnecessary, the usual amount of artificial 
manures of all kinds, by supplying a manure especially 
adapted, from its complex constitution, for the nourish- 
ment of crops, supplying it moreover in a state of 
solution, that is to say, in the most readily absorbable 
condition, and supplying at the same time that most 
necessary aid to vegetation, water, which often con- 
verts what would otherwise have been a heavy loss 
into . very h..d»a,e p«,«t. 

(e.) That by it the farmer is rendered entirely in- 
dependent of drought, so that he can be practically 
certain of his crops, and moreover be able to trans- 
plant them as much as he pleases. 

(/) That with all these advantages, it is no wonder 
that it has been found to pay ; and when its manage- 
ment is more thoroughly understood, it will doubtless 
be found to be a valuable source of income to 
the towns. In fact, in the words of the Rivers' Pollu- 
tion Commissioners (1868), " Intermittent filtration is 
a costly process with no possibility of any return, 
whilst irrigation, although it may in the first instance 
require a larger outlay of capital, affords a hopeful 
prospect of a return for the capital invested." 



CHAPTER XL 

INFLUENCE OF SEWAGE-FARMING ON THE PUBLIC 

HEALTH. 

As far as nuisance is concerned, there is no doubt that 
if irrigation farms are badly managed they may be 
made a nuisance to the neighbourhood. Ordinary 
sewage is only in a very slight degree offensive when 
fresh, as everyone knows who has examined it. Thus 
Dr. Hofmann says, in his evidence before the Select Fresh sew- 
CJommittee on Sewage, 1862 {Dr.Bradys Committee) SffcMive. 
that sewage at the mouth of a sewer is '^ comparatively 
little offensive," and that irrigation is possible without 
annoyance, except in very hot seasons ; adding, that 
sewage is only offensive when kept in tanks. What 
is really the most offensive part of sewage farms, is offensire 
the black slimy mud which collects along the sides of fn bad* 
carriers when they are not made of concrete, and when <»"*®"- 
the sewage is not filtered before being sent on to 
the fields. We think that it is essential that the 
sewage should be filtered or strained in the manner Necessity 
practised at several places. There is no reason to tion to^ 
spread a layer of comparatively worthless and neces- ^^^^ 
sarily offensive filth over the surface of the soil. 

At Carlisle, indeed, the sewage is deodorised by 
admixture — as we have before stated — with carbolic 
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DeodoriBA. acid. The deodorisation is complete, '' no nuisance is 

ciirboiic made by them (the works) or by the refuse water dis- 

**"* ' charged into the river" {Ninth Report, Medical Officer 

of the Privy Council) ; but it woiJd appear, as may 

be expected, that this addition is, to say the least, no 

improvement to the sewage regarded as manure. The 

Earl of Essex says that the irrigation of fields creates 

Nuiiance: no morc uuisauce than the application of any other 

ordiiiiLi7 manure. This is certainly the case, and indeed no 

"**""*' irrigated fields that we have seen give ofience to be 

orUieM. compared for a moment with that produced by the 

application of stale farm-yard manure. But this is not 

enough; the careful application of sewage which is 

fresh and not offensive in itself does not as a matter 

of fact produce any offence at all at the time, and 

Need not need never do so if the simple plan above mentioned is 

^^' resorted to, as it is at the North Surrey District School 

and other places. 

Dr. Cresswell says of the farm at Norwood : " As for 
efiluvia, I will not say that there does not exist any, 
but it is so seldom perceptible that a house built 
within 200 or 300 yards would command the same 
rent as if half a mile off.'' 
Smell The Earl of Essex says (Dr. Brady's Committee) 

pUaSfonr that there is a smell during the momentary application 
of the sewage; ''five minutes after there is not the 
slightest smell whatever, the bad smell is entirely 
absorbed by the land." 

It is agreed on all hands that the nuisance created 
depends on the quantity of sewage applied, and on the 
way in which it is applied ; thus at Beddington there is 
" occasional nuisance owing to foul ditches, or perhaps 
to the ponding of foul water in hollows on the land." 
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Dr. Ligertwood^ surgeon to the 8th Hussars, sta- Nuisance 
tioned at the FiersMU Barracks, says : " These fields ^SJJlge^ 
are certainly a source of nuisance to those living in ^^^ 
barracks, from the offensive emanations given off fix)m 
the open ditches conveying the sewage, and also 
from injudicious flushing of the fields ; the stench in 
barracks is sometimes quite sickening. All this might, 
however, be remedied by the sewage being conveyed 
to the fields in covered ditches or pipes, and outlets 
placed on the pipes in the fields at proper intervals 
for irrigating.'* {First Beport RF.C. 1868, vol. i. 
p. 90.) 

No such nuisance ought to exist, as it is simply 
the result of carelessness, and it is the duty of 
the Medical Officer of Health to see that it is 
prevented. 

On the other hand. Dr. Alfred Carpenter says : — 

" At Norwood, moreover, a publio footpath passes right through No nui- 
the irrigated fields, which is traversed by hundreds of persons for '*^?^ ^^ 
exercise and recreation, especially on Sundays. The persons so ni^«d. 
using the footpath have been frequently surprised when they 
have been told that their walks for pleasure have been taken 
through the sewage farm of the Croydon Local Board of Health. 
The path is much more frequented than other footpaths in 
the neighbourhood, which would not be the case if the fields 
were the nuisance they are supposed to be." — {Some Points in the 
Phydological and Medical Aspect of Sewage Irrigationy p. 35.) 

We can most fully bear witness to this fact; 
persons who have accompanied us to see sewage 
farms have been invariably surprised at the absence 
of nuisance. 

The opponents of the Irrigation system have often 
put very strongly forward the nuisance that is caused 
by badly-managed irrigation farms as an argument 

T 
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against the system^ and have appealed to the opinionB 
of medical men and others as to whether such a con- 
dition of things is likely to be healthful or otherwise ; 
they have, however, rather neglected to bring forward 
the facts which have been ascertained on this head. 
This we now purpose to do. 



SANITARY EVIDENCE. 

Submer- Sewage farms are not meant to be marshes. Where 
paiuJaf" they are so, that is, where the system of submersion is 
diseases, carried on, as is the case at Milan, there can be no 
doubt that the diseases of marshy districts are 
generated in their neighbourhood. The Sewage Com- 
missioners, in their Preliminary Report (1858), p. 42, 
state that near to Milan they found that — 

'* The population who lived in the midst of and close upon 
irrigated lands are subject to the same diseases aa are common 
wherever extensive tracts of vegetation are alternately covered 
with water, and then exposed when comparativelj dry to the 
action of the atmosphere under a hot sun." 

But even here, under the sun of Italy, and with the 
fields turned confessedly into water meadows, the in- 
termittent and remittent fevers do not extend beyond 
a quarter of a mile from the marsh ; and it was found 
Limiia- that ''although those irrigations have been brought 
fere/srea. closc to the waUs of Milan, and in some instances 
carried even within the walls, ague is never endemic 
in the city, nor is any other form of marsh-disease 
known spontaneously to arise within it" The soil is, 
however, very porous, so that the water does not 
stagnate on it for a considerable length of time. The 
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Commission, however^ got at Milan '^striking evi- irrigation 
dence of the conditions under which irrigation with ^ntainic^g 
water containing no sewage may be so conducted as S^^r?^® ' 
to produce with certainty a marked injurious effect 
upon the health of the neighbouring population /' and 
also of '' the conditions under which entire immunity conditions 
from disease may be secured/' They could obtain nity™™^ 
" no evidence whatever of the slightest increased in- 
jurious tendency of the irrigations conducted with 
the waters of the Vettabbia, beyond those of other 
districts around where plain water is employed/^ 
With regard to typhus and typhoid fevers, it is stated no infla- 
that they are not more prevalent near to the irrigated t^usand 
meadows than anywhere else. As to cholera, it appears %^^^^ 
that in a farm ^* irrigated entirely with the waters of 
the Vettabbia, though there have been three visita- Especial 
tions of epidemic cholera in Milan and the neighbour- il^g^ted' 
hood, no case of the disease occurred during either of chdeS^™ 
these attacks." 

This evidence, which is sometimes brought forward 
against the establishment of irrigation farms in England, 
simply shows what was perfectly well known before, that 
in the neighbourhood of stagnant marshes intermittent intermit- 
fevers are almost invariably endemic. The irrigation ^uLrb" 
at Milan is copied from the fields where rice is culti- Jj^hw 
vated around the same city, and where the water is 
allowed to remain and to stagnate ; this is necessary 
for the cultivation of rice. The ordinary irrigated Faults of 
fields of Milan are not only irrigated by submersion, Siu™ ** 
but they are not drained, and the porosity of the 
soil is alone relied upon for carrying off the water. 
In fact, the Commissioners came ultimately to the nothing to 
conclusion that no increased amount of disease could lewage. 

T 2 
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be traced to the admixture of sewage with the water 

of a " marcite." No one proposes to introduce water 

meadows or rice plantations into England^ and the 

No danger only thing that might be reasonably feared from 

phoid£Ur sewage irrigation is increase of typhoid fever or of 

or ehoien. ^jjjQjgja^ jj^q evidence from Milan on this head being 

particularly valuable and especially favourable. 

To come^ then, to the evidence obtained from sewage 
farms properly so called : and first as to Edinburgh, 
irrigaUon where sewage has been so long employed in this 
manner, and even in a somewhat careless way. Pro- 
fessor Christison's evidence is very conclusive upon 
this point. He says of the irrigation fields : — 

No disease *' I am satisfied neither typhus, nor enteric fever, nor djsen- 

caused. ^^^y^ jj^p cholera, is to be encountered in or around them, 

whether in epidemic or non-epidemic seasons, more than in 

any other agricultural district of the neighbourhood." — (Fird 

Eeport JJ.P.C., vol. i. p. 90.) 

Dr. Littlejohn, too (the Medical Officer of Health 
of Edinburgh), although looking " with prejudice and 
displeasure on the existence of sewage meadows in 
its suburbs, had not been able to connect the ill- 
health of certain localities in Edinburgh with the 
Craigentinny meadows as its cause.*' With regard 
Health of to the barracks at Fiershill, which are stated to be 
PiSr* " the most healthy in Scotland," there is certainly 
barracks, jjq injurious effect on the health of the soldiers from 
the irrigation of the fields. During the time that the 
No cholera, cholcrawas epidemic at Leith and Edinburgh, '^not a 
case occurred at Piershill Barracks (1865-66.)*' The 
same fact was observed at Barking : when the sewage 
of North London, where the cholera was prevalent, 
was poured over the irrigated fields, ''no case of 
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cholera happened at the farm or near it/' At Norwood, When a 
Dr. Cresswell says that when the works were badly termiuent 
managed, " the irrigation fields as a marsh produced '®^®"' 
malarious diseases, and, in this case, intermittent fever 
amongst the children living in the vicinity." 

Since that time he says : '' I have been able in no 
case to trace any illness to these fields/' In a school 
of more than thirty inmates, standing close to the fields, 
there has not been a single case of illness from pre- 
ventable diseases. He concludes that, ''when this 
system of sewage irrigation is well managed, the Whenweu 
health of the inhabitants in the immediate vicinity is ^^^f^ 
in no way influenced by it,'* and this on a deep clay dSSo' 
soil. We find from the Ninth Report of the Medical ^^ 
Officer of the Privy Council, that at Worthing the 
irrigation works 'Mo not cause any description of 
nuisance or injury to health.'^ At Colney Hatch 
Lunatic Asylum {see Report of Dr. Brady's Committee), 
the irrigation ^' is certainly not injurious to health /' 
this being the opinion of the medical officers who 
see it daily. * 

Dr. Cobbold has, in a brochure which he published 
in 1865, stated that he has great fear of the spread of 
entozoic disease by means of sewage irrigation. He 
says^ speaking of the Bilha/rzia^ a parasite which 
'Mnfests the blood-vessels'' of the natives of many 
parts of Africa, but which has occasionally been 
transported to England^ so that its eggs may get 
into the sewage : — 

*'If without due oonsideration 70a adopt any one of the 
gigantio schemes now in vogue, you wiU scatter these eggs &r 
and wide, you will spread them over thousands of acres of 
ground, you will place the larvas in those conditions which are 
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Appro- known to be eminently favourable for ihe development of their 
headed ^^^^i^ stage of growtli, you will bring the latter in contact with 
from ^^^ ^^^ water snails, into whose bodies they will speedily 

spread of penetrate ; and, in short, you will place them in situations where 
dUe!^^ their yet higher gradations of non-sexual growth and propaga- 
tion will be arrived at. After all these changes there is every 
reason to believe that they will experience no greater difficulty 
in gaining access to our bodies here in England thaa obtains in 
the case of those same parasites attacking our fellow-creatures, 
whose residence is found in Egypt, in Natal, in the Mauritius, 
or at the Cape." 

And he asserts his ^* persuasion that the ' profuse dis- 
tribution ' of sewage tends both directly and indirectly 
to propagate no inconsiderable variety of parasitic 
diseases." He then goes on to describe the various 
evils that may result from the abode of parasites 
within the human body. 

Beyond all doubt Dr. Cobbold is the man above all 
others who has the best right to' give an opinion upon 
any question relating to entozoa; and anything on 
that subject which comes from so great an authority 
must be considered with the utmost attention; but 
Faeu de. still WO should cudeavour to see now far facts justify 
80 very important a conclusion, mvolvmg as it does 
a sweeping sanitary condemnation of the irrigation 
system. 

Fresh excremental matters have been distributed 
in enormous quantities on land, for some thousands 
of years in China and in other Eastern countries, 
and for many years around the city of Milan, where 
"it is admitted that the common mode of disposing 
of the faecal matter is a nuisance, but that it is a 
source of disease is denied on all hands.'" {Sewagt 
of Towns Commissioners.) Sewage is, too, and has 
been for a long period, distributed over the lands 
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around the same city. For more tlian two centuries inHtanccB 
sewage irrigation has been practised near Edinburgh, contiDued 
while during the past sixty years regular records of /r^A^^^ 
have been kept of the particulars relating to it ^a^gew^e 
there, and for several years it has been employed toian^s- 
around a certain number of English towns. Surely, 
with all these cases, some facts as to the increased 
prevalence, or otherwise, of hydatid disease in cattle, 
or of intestinal worms in man, in connection with 
sewage farms, have already been obtained. But not 
a single fact is advanced; it is not even hinted by 
any one that such diseases art more frequent where 
irrigation has been going on so long ; and as to the 
BilAarzia, next to nothing is known of the migrations 
of its larvae, while even in Africa '' the disease is said 
to be more virulent in the summer months." (" Ento- 
zoa:" Cobbold). Despite our numerous communica- 
tions with that country, this disease has not been 
known to spread either in England or in Erance, pro- 
bably because our conditions of climate, &c., are not 
suitable either to the unknown " hosts'* required by 
the larvae, or to the transformations of the parasite 
itself. 

We are not aware that any facts had been afforded ko facts 
by the experience at Edinburgh or elsewhere, in ^^^l^ 
support of Dr. Cobbold's conjecture, that sewage 
farming will cause the spread of entozoic dis- 
eases ; neither do we find that since the publication, 
in 1865, of the pamphlet referred to, any new facts 
have been ascertained in its favour, unless it be the 
one stated by Dr. Cobbold in the discussion on a 
paper read by Dr. Letheby before the Metropolitan 
Association of Officers of Health (May 21st, 1870), 
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that '^ a handful of large entozoa parasites had been 
taken from the Craigentinny meadows;" but he 
was at once answered by Mr. Holland, who ^'be- 
lieved that the danger of spreading disease by the 
irrigation system was puvely imaginary. Where 
was the evidence of disease having been produced 
where the system was adopted? He had made 
inquiries on the subject, and could find none. At 
Carlisle he asked whether the sheep had the rot, and 
was answered that they had not. At Edinburgh, 
cows had been fed with grass from the irrigated 
meadows for 60 or 70 years, but there was no evi- 
dence of the prevalence of disease among them," that 
is to say of entozoic disease. (The italics are ours.) 
On the whole, then, we can find no evidence of entozoic 
disease having been spread by irrigation farming: 
so important a question as this deserves, however, 
further diligent research. (See Appendix.) 

The death-rate at Norwood, as a mere matter of 
fact, has very considerably decreased since the esta- 
blishment of the sewage farm there. In the three 
years before that took place (1865) it was over 18 
per 1,000 ; since, it has decreased, being lowest in 
1868, viz. 12*07; the population being about 5,000. 
At Beddington, too, where the farm is to the west of 
the town, the Medical Officer " can safely say that a 
continuance of west wind is always accompanied 
by a diminished amount of ordinary sickness in the 
district, and our annual mortality- of the parish is 
generally below 20 in the 1,000." {Dr. Carpenters 
Paper, quoted p. 273.) 

It is stated by Dr. Buchanan, in his recent Report 
to the Privy Council, that the health of the childreo 
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living in the midst of the irrigated districts, far from 
suffering, has actually improved. (British Medical 
Journal, Sept. 3rd, 1870.) In fact, the evidence 
appears to go to show that sewage fields, when pro- 
perly managed, are certainly not injurious to health, 
and may possibly be even advantageous to it. 

That the results of irrigation farming, properly Concin- 
carried out, may be a positive advantage to the health 
of neighbourhoods, has been shown to be possible in 
different instances. We need hardly point out that 
such might be expected to be the case from the 
luxuriant healthy vegetation which is supported upon 
sewage farms. The able researches of Dr. Daubeny, 
late Professor of Botany and Rural Economy at the 
University of Oxford {Journal of the Cheraical 
Society, January 1867; or "Miscellanies," by Charles 
Daubeny, M.D., F.R.S., vol. i. page 55), have shown LeaTw 
that the leaves of growing plants continually evolve ero^i^ 
ozone; and Mantegazza's more recent experiments 
have carried this further, and shown that during the 
oxidation of the essences of plants large quantities of 
ozone are produced, so large as to constitute a simple 
and valuable method for the preparation of this sub- 
stance. Dr. Daubeny, indeed, had suggested that in 
some cases the coloration of the test-papers might be 
due ** to the essential oil emitted by the flower,'' but 
he does not seem to have thought that the essential 
oil itself was capable of ozonising oxygen. The more 
important and more general observation is, however, 
that made by Dr. Daubeny, and he himself was 
perfectly aware of its importance : he says, speaking 
of " the uses which ozone subserves in the economy 
of nature :*' — 
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'' When we consider its remarkable oxidising properties, and 
the rapidity with which any organic matter, dead or living, 
undei^goes a slow combustion in its presence, it seems reason- 
able to conclude that this principle is an important agent for 
destroying putrescent animal and vegetable matter by oxidation, 
and thus for restoring to the atmosphere its purity." 

One of Dr. Daubeny's first memoirs confirmed the 
fact that plants restore more oxygen to the air by 
day than they consume by night, and determined 
"the description of solar rays which was most in- 
strumental for that purpose.'^ He exclaimed, when 
publishing his last discovery— 

" Should I now have succeeded in establishing to the satis- 
faction of the scientific world that these same green parts of 
plants, at the very time that they are emitting ox^^gen, convert 
a portion of it into oasone, I might hope that these researches of 
my later years will serve appropriately to wind up those under- 
taken in my younger ones, by showing that vegetable life acts 
as the appointed instrument for counteracting the injurious 
effects of the animal creation upon the air we breathe, not 
merely by restoring to it the oxygen which the latter had con- 
sumed, but also by removing, through the agency of the OEone 
it generates, those noxious effluvia which are engendered by the 
various processes of putrefisiction and decay/' 

Dr. Alfred Carpenter, of Croydon, has (in his paper 
already referred to) given the results of his experi- 
ments on the presence of ozone in the air over 
irrigated fields; he says {loc. ciL p. 31) — 

'' I have found diBtinct traces of ozone in the Beddington 
fields, when there has been none in the town : it has been 
noted how very rapidly metals rust upon sewage fiirms, — this 
easily accounts for it. The surfitce of the meadows has been 
tested at various times in the very hottest days of Jtfly, when 
no ozone has been detected in the town, but it has been 
generally found present over the sewage grass, on those parts 
of the farm in which vegetation was most luxuriant" 
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Should it then be a cause of wouder if we find 
that the persons living on and near farms covered 
with a flourishing vegetation are less subject to diseases 
than those who live on the country around, which is 
burnt up, and the vegetation of which is withered by 
the heat of the summer sun ? 

We have good reason to expect that this will be Samnury. 
fouDd to be the case, and that the utilisation of the 
sewage of towns on the land near them, while pre- 
venting the pollution of drinking-water and the 
spread thereby of cholera and typhoid fever, will at 
the same time maintain the purity of the atmosphere 
around and about the towns, and that the result will 
be, especially when combined with that produced by 
the increased demand for labour and the more plen- 
tiful supply of food, a diminution of the general 
death-rate. 
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As fSalse ideas with regard to the composition of 
human excreta are very widely spread, we think it 
advisable to give the results obtained by the com- 
parison of a great number of analyses of faeces and 
urine; they are taken from a paper read by Mr. 
Lawes, F.R.S., before the Society of Arts, March 7th, 
1855. 

These analyses are only sufficiently complete in the Compod- 
case of males from fifteen to fifty years of age, the cnta. 
mean amounts in ounces of the various constituents 
during twenty-four hours being as follows : — 





FtMh 
Bxcmnents. 


Dry 
Butetanoe. 


Mineral 
scatter. 


Carbon. 


Nitrogen. 


Fhofphatea. 


Feces . 
Urine . 

Total . 

1 


4-17 
46-01 


1-041 
1-785 


0-116 
0-527 


0-448 
0-589 


0-058 
0-478 


0-068 
0-189 


6018 


2-776 


0-648 


0-982 


0-581 


0-257 



From this table it will be seen that the amount of 
valuable matter contained in the urine is greater under 
every head than that contained in the fseces; the 
nitrogen being no less than nine times, and the phos- 
phates nearly three times as much by weight in a 
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given time. It should be added, however, that some 
analyses made by Messrs. Lawes and Gilbert show 
that the amount of phosphates in the f»ces is not 
nearly so small as that above given, and is, in fact, 
not far below the amount contained in the urine, the 
relative amounts in ounces during twenty-four hours 
being as follows : — 



• 


Feces. 


Urine. 


TotaL 

1 


Man, 46 yean . . 
,, 50 ,, . . 
Mean of 8 boya, 5, 
10, k 12 yean 


0-147 
0148 

0-057 


0-178 
0-218 

076 


1 
0-825 , 
0-861 

0-188 



The total amount of faeces as given above is rather 
less than the amount determined experimentally by 
Messrs. Lawes and Gilbert, and we may consider that 
the weight of the urine passed is nine or ten times as 
great as that of the faeces ; now, as the total urine is 
worth about six times as much as the total faeces (see 
page 54), it follows that a given weight of faeces is 
more valuable than the same weight of urine in the 
proportion of nine or ten to six* 

While remembering that the faeces are more valu- 
able than the urine, weight for iceighi, we must not 
forget that the urine passed by an individual in 
twenty-four hours is worth six times as much as the 
faeces passed in the same time. 



TREATMENT OP EXCRETAL REFUSE. 

A curious example of the large undrained covered 
cesspool is described in the Indian Sanitary Report 
for 1870 (p. 151), as existing at Belgaum, in the 
Bombay Presidency. 
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" There are no public latrines, but a curious system of latrine Latrine 
caverns or pits in the court-yard of every family, excavated to a ^^*'^'"- 
considerable depth, platformed over, the whole generally covered 
with a tiled hut. These latrine caverns have existed from time 
immemorial, and are said to number 2,240. The arrangements for 
removing the soil, if any, seem very defective. Though the water 
supply is abundant, the wells are often situated in close proximity to 
these latrine pits. 

" The police were located in wretched dilapidated huts, surrounded 
by open cesspits, with no provision for drainage. The whole ground 
in and about the lines pregnant with abomination." 

And this with a mean temperature of 74°'42 Fahr. ; 
yet, " as usual at Belganm, there was comparative 
immunity from fever,'* ^nd a table is given show- 
ing '' that Belgaum has long possessed a reputation 
for salubrity." The reason for this is doubtless to be ReasonBfor 
found in the fact that " the town is laid out with some " " ^' 
regularity, and the principal streets are kept in good 
order," while the native dwellings are said to be clean 
inside, although *' the exteriors and surroundings are 
very foul." 

With regard to the midden system, we obtain some • 
additional information from the Appendix to the 
Report of the British Association Sewage Committee 
of 1869-70. {B. A. Report, 1870, p. 56.) 

The town of Bury, in Lancashire, is almost ex- 
clusively a privy and ^ash-pit town ; the population 
is about 40,000. 

'' No special treatment is practised previous to the removal of the 

contents of the privies, beyond the addition of ashes. This accession 

of ashes, together with the necessity of conducting its remova] at Value of 

night, materially reduces the value of such mixture as a manure, nii^den 

• rdfusc 

and the whole quantity only yields an annual return to the 

Commissioners of 100^. 

'* The street sweepings are also removed by scavenging, and cost 
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the CommiBBionerB not leas than 629/. 11<. Sd,y while, from the want 
of some yard or other storage ground, thej have to be disposed of 
to fanners at their own price, and onlj yield the insignificant retan 
of 251. to 30/. per annuuL" 

The *' remarks by a sub-committee, consisting of 
Messrs. Grantham (chairman), Corfield, Hope, and 
Williamson," are to the following effect: — 

Fdlnie at *' '^^ figures obtained in Bury of the ash-pit system, as carried 
Bmy* out there, prove that financially it is, so far as Bury is concerned, 

a total and complete failure, as the gross return is only a little over 
one halfpenny per head of the population annually. Of course it 
is not &ir to judge of a general system from a particular instance, 
and the subject should be further investigated.'' 

Some analyses of the sewage " show that although 
the sewage from a town managed on the Bury system 
is weaker, and therefore less valuable and propor- 
tionately more difficult to deal with than the sewage 
from a water-closeted town, yet that its purification is 
just as imperatively necessary." 
Qafn at a In only three towns of the two hundred tabulated 
by this committee is a gain obtained .from tlie 
sale of midden and cesspool contents and other 
refuse, over and above the cost of scavenging. 
These are Dundee, which has already been noticed, 
where 630/. a year, or l^d. per head per annum, is 
made; Stockton-on-Tees, with 100/. a year, or Id, 
per head per annum ; and Fareham, with 7/. a year, 
or ^. per head per annum. 

^* In all other recorded cases the scavenger receives a payment in 

money, as well as the refuse, for doing the required duties. The 

Low at greatest losses are experienced at Liverpool , where the scavenging costs 

"'^* 41,866/. a year, or 19'7d. per head ; and at Scarborough, where it 

^ costs 2,050;., or 22-4d. per head. At Malvern the cost amoants 

to 18-Oc;. per head; at Oldham, 131d,; at Bradford, 19'3d.; at 
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Rochdale, ll'2d.; at Bridgenorth, 10'2d.; at Torquay, 10-2d.; 
at Newcastle, 17-5^/.; at Cardiff, ll-3rf.; at Llonelly, 15-3rf.; 
at Aberdeen, 11 -2c/.; and at Edinburgh, ll'7d. per head per 
annnm." (N.B. — The above sums arc in pence and decimals of a 
penny.) 

These figures show that, as we have before stated, 
the midden and ash-pit system can only be an econo- 
mical success in exceptional cases ; as a matter of fact, 
it usually entails a considerable annual expense. 

At page 57 we stated that the •' pail system " has 
been the most successful of all the scavenging plans, 
in an economical point of view. 

In the prize essay by MM. Renard and Frontault, 
published in 1870, in the "Annuaire de la Socletedes 
Agriculteurs de France/' an interesting account is 
given of the success which attends the careful employ- success 
ment of this system in the department of the Alpes- f^^^ 
Maritimes. 

'* The fsecal matters are collected as they are voided, before fer- 
mentation, in 'tinettcs' of 60 litres (about 13 gallons), which are 
emptied at the foot of the trees into two holes, 18 in. broad and 
10 in. deep, placed one on each side of the tree; these are then 
covered in with earth. 

"This process is especially applied to orange trees, which are 
planted 400 to the hectare (nearly 2J acres). The fsecal matters 
are often paid for at the rate of 5 or 6 francs per cubic metre (3«. Yalne of 
to 3s. 7d. per cubic yard), even at the spot where they are produced, excrement 
in spite of the quantity of water which they contain. A household 
averaging four persons produces about 3 cubic metres (nearly 4 cubic 
yards) annually, from which it obtains an income of from 15 to 18 
francs (12s. to 14s. 5d.)y a very valuable thing for poor families. 

'' At Grasse and at Nice human manure is the manure par excel- 
lence. It is used in the cultivation of corn, of green vegetables, and 
of flowers to he employed in perfumery, notably violets and roses ; but 
after it has begun to ferment The peasants exhibit an astonishing zeal Collected 
in collecting it; one sees them walk a league, * pour ne pas perdre leur ^^ P®*' 
dejection,' and when they buy faecal matters in the town, generally 

U 
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in casks, thej do not omit to taste them, in order to asoertam their 
degree of concentration. Thej keep them in large jan of 2 or 3 
hectolitres (44 to 66 gallons), placed at Tarious parts of thdr fields. 
This plan is, moreover, easily managed in that country, where, as is 
well known, a plot of 2 hectares (nearly 5 acres) is a large one. 

** With this manure, comhined with irrigation and the sun's in- 
fluence, they obtain a fabulous produce; a certain £euiii of 17 hectares 
(42 acres) yields 45,000 francs (1,800/.X nett, annually." 

It will be observed that in these countries human 

excrement is especially used for plants from which 

scents are manufactured, a flat contradiction to the 

the counter statements that have been made on this 

« 

head. 

Our authors also quote largely from a report by M. 
Simon, who was sent by the French Government on 
an agricultural mission to China, where, as has been 
already stated, the same plan has been at work from 
time immemorial. As an answer to how it is that so i 
dense a population can be supported in a coantrj) I 

M. Simon says : — I 

1 

Beasonof ''The reasons of it are manifold. Without doubt,. the cIim^^ ' 
PJ^Pf'i^y the industry of the Chinese, even their sobriety, and the fertility of 
the soil, to a certain extent explain it; but the principal reason dt, 
it is, assuredly, the skill with which the manure is collected aDd{ 
distributed." 

Then, after describing the extreme care given by the i 
Chinese to their plants, he adds : — 

'* The liquid form in which one most often sees the mannre ii 
China renders it especially fit for this use, so that it can be disai« 
buted during the growth of the vegetation as well as before it SoidI 
of the manure is not, however, naturally in so convenient s fors, 
but the Chinese reduce it to the liquid or to the pulverulent conditioa 
by special manipulations.'' 

Utilisation M. Simou adds, that human manure is applied ti 
all crops, and that *' sometimes it is placed at tin 
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entrance to the carriers, and the water dilutes it 
and carries it along," while at others it is mixed 
with an argillaceous earth, and dried in the form of 
small bricks ; it then goes by the name of taffo^ and, 
according to the evidence of one traveller, ** has no 
other odour than that of the violet !" 

This method, no doubt, appears nasty to us, but 
M. Simon well says of it, " I ask myself if it would not 
be better to offend the noses of the passers-by, than to 
throw into the river quantities of excremental matters 
which by their decomposition ^become veritable causes ^ 
of disease (^infections morbifiques) to the people lower 
down." 

MM. Renard and Frontault describe a number of Mannfac- 

fi P , ' J. 1 ^ 1*1 tured ma- 

processes for manufactunng portable and inodorous nurea, 

manure out of the crude contents of the ^Tench fosses, 

the most notable being those of the " Compagnie Chavr- 

foumiere de V Quest J' The solid matters from the/<?*^^* 

are mixed with quicklime, and a manure known as la • 

chaux animalisee manufactured ; the liquids which pass 

through the separateur of i]\e fosse mobile are received 

in a compartment which contains powdered slaked lime, 

by which they are absorbed and la chaux supersaturee 

formed : or the urine is collected and allowed to stand 

for two hours in vessels with lime at the bottom ; it 

then becomes' inoffensive, and is known as les urines 

imputrescibleSy while taffo, taffo enricJii, and phospho^ 

taffo are dried excremental matters mixed with various 

kinds of refuse, and with other substances which add 

to their value as manure. 

It is not necessary for us to enlarge upon these or 
other methods of treating crude excretal matters, espe- 
cially as there can be no doubt that the most profit- ' 

^- ' u 2 
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able way to employ them is to apply them at once to 
the soil without any preparation at alL 

In the Engineer of December 7th, 1866, a full 
laernur** description of Captain Liernur's system (noticed at 
page 40) is given; from this it appears that the 
manure is to be sent in air-tight barrels to the farms, 
and there applied to the land during the process of 
ploughing; the plough is so constructed that the 
barrel can be placed on it, and the manure is dis- 
charged from the bung-hole of the barrel into the 
furrow made by the ploughshare, and immediately 
(covered in with earth by a kind of shovel which 
trails behind. A special )cind of plough ' adapted for 
manuring meadow land is thus described : — 

Spoclal ** A Bort of knife makes a running incision in the sods, while i 

plougbv. hollow foot attached to it makes a cavity under them. In this caniji 
the manure is poured, through a hole which passes through both w 
knife and its foot. After its passage the sods close immediatcij 
again, partly through their own weight and partly through elastick^. 
A layer of earth should be lefl between the sods and the manure, u 
decompose the latter, and prevent its hurting the grass plants." 

These plans are worthy of the attention of towns 
where the pail system is at work. 

As a substitute for ordinary ashes, or for vegetable 
charcoal in the dry ash closets, Mr. Edward StanforJ. 
"F.C.S., has proposed carbonised excreta which lie 
Xcbarcoai. calls X charcoal ; the deodorising powers of tlii^ 
substance are said to be very great; the objectioii> 
which arise, apart from those common to all conser- 
vancy processes, are the difficulty of avoidino^ offet\ 
in the preparation of the carbonised excrement, acii 
the loss which must be entailed during carbonisatios. 
the special advantage is that no extraneous materii 
is required. 
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With regard to the Dry Earth System, the latest Diy earth 
Indian Report* goes to show that it may be success- "^" ^' 
fully appHed to scattered houses, barracks, &c., but 
that it is unsuitable for towns. 

*^ The system had not been authoritatively introduced, but, more 
or less efficiently carried out, was the recognised system adopted in 
barracks, hospitals, and lines of native regiments. It is, in fact, 
the only system possible in the large majority of stations in the Suitable 
Madras Presidency, where th? water supply is scanty and precarious. ^'^®'^® 
Sewerage by water-carriage may be applied in some of the new supply is 
stations, where the barracks and subsidiary buildings are located scanty, 
within a moderate area, but could not be applied to officers' homes, 
and cantonments at large, scattered over an area of many square 
miles of ground." (Loc. cit. p. 132.) 

'* The results reported are considered to prove the superiority of 
the svstem in regimental latrines over any other that has been tried." 
(76. p. 72.) 

On the other hand, Miss Nightingale, in her remarks 
on the Progress Meports, says (p. 43) : — 

'' In the documents received here no reference is to be found 
to the surface or subsoil drainage of stations; no reference to 
eewering of buildings. Dry earth conservancy is apparently the 
only thing attended to, although is it not simply a matter of common 
knowledge that the dry earth system makes little difference in the 
amount of dangerous impurity contained in the fluid sewage of a 
station or town ? " 

While the Army Sanitary Commission speak, if 
possible, still more strongly in condemnation of this 
system as applied either to towns or stations. In their 
replies to Dr. Cuningham, the Sanitary Commissioner 
with the Government of India, they say, after men- 
tioning the results of the experiments conducted by 
the Rivers' Pollution Commissioners (p. 206) : — 

** It follows, that to trust to dry earth conservancy for improving 
the health of towns^ while ordinary station or town drainage is 

^ Ecport on Measures adopted for Sanitary Improvements in 
India, from June 1869 to June 1870. 
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Does not permitted to soak away in cesspits or on the surface, ia simplj to 
provide for poison the suhsoil with «cwer-water, which, if collected and convejed 
wat^. ^ drain-pipes, would become a valuable manure. The question 

may now be considered as settled by scientific investigation, that 
the sewage of inhabited buildings should be treated as a single 
element, whether as regards health or agriculture, and also that to 
divide this sewage into two parts, and to remove the parts separately, 
is, as we have stated elsewhere, to pay double where one payment 
would answer every purpose." 

And not only so, but {loc. cit. p. 38) : — 

Unsoitable '^ From the quantity of earth required, and the practical difBcultiea 
for large attending its cartage, distribution, removal, &c., the Gommissiou 
considered that the dry earth system could not be generally intro- 
duced into a large city like Bombay.'' 

Dr. RoUeston, in his papers recently published 
in the Lancet (January 7th and 14th, 1871), has 
shown clearly enough that enteric or typhoid fever is 
one of the goal fevers in India; but Dr. Buchanan 
thinks {Lancet y February 4th, 1871), that so many 
fevers are included under this term, that no conclu- 
sion can be drawn as to the effect of the dry earth 
system on the prevalence of enteric fever. Future 
careful observations will no doubt settle this point, 
but in the meantime we think that Dr. RoUeston puts 
the case very fairly when he says : — 

'^ I have upon other occasions pointed out times and places in 
which a dry earth system of conservancy may have claims upon oar 
favourable consideration; those times, I have always held, are not 
times of epidemics; those places do not lie within the enceinte of 
large towns." — {Lancet^ Jan. 14th, 1871.) 

Bummary. There Can be no doubt that a well-managed dry 
earth conservancy system, or midden and ash-pit 
system, is better than no system at all, but it by no 
means follows that they are free from danger. They 
both go upon a wrong principle : we do not want 
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conservancy at all; our first object must be to get 
rid of refuse-matters, and not to see how long we can 
keep them about our houses in a presumed harmless 
condition. 

Chesshire^s Intercepting Tank is a variety of the 
" fosse mobile/' which has been already described i its 
object is, then, to separate the solid excreta from the 
urine, which is allowed to run away into the sewers. 

*^ The plan or fonn at present preferred is that of an iron box, Descrip- 
large enough to hold the solid part of the excreta of an average *^^^^^. 
household for from eight to twelve months, and jet, when full, within ' "" 

the power of two strong men to lift. . This box is 2 ft 4 in. long by 
18 in. wide, and 18 in. deep. The pipe from the privy or closet 
passes into the top of the box, \^ preference at the opposite comer 
to die outlet or waste-pipe, which, placed at the bottom of the box, 
is divided from the main part by a perforated grating, extending 
across the comer and the whole height of the box. Except as to 
the inlet and outlet pipes, the box is hermetically sealed, though the 
lid can be readily removed when it is desirable to empty it. The 
connection of the inlet and outlet pipes to the box can also readily 
be separated and remade without the assistance of a plumber. 

'^ A full box can be removed, and an empty one put in its place, 
in five or ten minutes, and this, if necessary, may be done in the 
day-time, without any annoyance to the household, neighbours, or 
passers-by. The removed box, full as it is of most valuable manure 
— ^in fJEUJt, a human guano — may now be carted away, and its con- 
tents reduced, by a liberal admixture of fresh loam or water, to a 
strength suitable to the crop or soil to be fed with it." — (Prospectus 
of Patentee.) 

Surgeon T. G. Hewlett, Health Officer and Coroner 
to the City of Bombay, writes as follows of one which 
he substituted for a water-closet and- cesspool: — 

<< An earth closet was inadmissible within the house, so I placed 
within the cesspod one of Chesshire's intercepting tanks. That is 
almost hermetically sealed, as it is double syphon-trapped. The 
solid matter, paper, <&c., is arrested by a screen which permits the 
passage of water, which flows away through a syphon-trapped glazed 
pipe, and eyentually discharges itself at a distance from the house, 
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bcjond the property, into a ituriace drain. The smell, both inside 
and outside the house, before much complained of, has entirely db- 
appeared. The iron tank will require cleaning periodically — ^the 
patentee states, once in six months ; but this is a matter for expe- 
rience to decide." — (Heport of a Sanitary Tour, by Dr. T. G. 
Jltirlett, \\\ the Appendix to the Report on Measure* adopted for 
Sanitary Improvements in India^ from June 1869 to June 1870, 
p. 233.) 

It will be seen from the above quotation, that Dr. 
Hewlett considers this intercepting tank superior to 
the earth closet for the interior of houses ; he, how- 
ever, only regards it as a substitute for the cesspool, 
for after examining it at Birmingham he writes : — 

'* This appears to be a better form of cesspool, and may be worth 
trying in places that have no regular system of drainage." — (Loc. 
cit. p. 242.) 

In places not provided with impervious pipe sewei*s 
this would be found a valuable addition to the ordi- 
nary water-closet, as it would prevent the most 
offensive part of the excreta from passing into the 
pervious drain sewers, and so lessen (though certainly 
not prevent) the formation of sewer-gases, and the 
percolation of offensive and injurious matters into the 
soil and into wells. We do not, however, think that 
the necessity of having impervious sewers would be 
obviated by this proceeding, and the sewage would 
still remain to be purified. 

We are very glad to have Dr. Hewlett's opinion so 
forcibly expressed with regard to the kiud of closet 
which is best suited for poor districts ; he says in the 
Ileport of his Sanitary Tour : — 

" The trough water-closets in use at Liverpool, and the self- 
flushing tumbler water-closets at Leeds, where they answer remark- 
ably well, a])poar to me to be the best kind for use in poorer dis- 
tricts, cspcoiully for closets which are frequented by more than one 
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&milj." — (Report on Measures adopted for Sanitary Improve" 
ioents in India^ from June 1869 to June 1870, j). 231.) 

SEWER AIR— VENTILATION — FLUSHING. 

The results of some " Experiments on the Air in 
Sewers and Drains ** are given in the Report of the 
British Association Sewage Committee for 1869-70. 
The specimens were collected from various street and 
house sewers, chiefly in the Paddington district, 
during the month of August^ so that there was every 
probability of the air being as foul as possible. They 
were chemically examined by Dr. W. J. Russell ; the 
most impure air that was examined contained 51 composi- 
volumes of carbonic acid, 20*7 of oxygen, and 7879 in^'Seweil*^ 
of nitrogen, in 100 volumes; or, as compared with 
ordinary atmospheric air, the nitrogen was rather less 
in amount, the oxygen a little less, and the carbonic 
acid about twelve times as great. In so far as these 
constituents are concerned, this air was purer than 
that in many crowded rooms, insomuch as in them 
the oxygen is decreased in a much greater proportion ; 
but it is certain that these constituents of sewer air are 
not those which it is most important to examine, for 
another specimen taken from some which '* was blow- 
ing up the drain at the time, and had a disagreeable 
smell," gave only 012 volumes of carbonic acid, and 
as much as 20* 91 of oxygen, while it contained no 
*' combustible gases." 

Dr. Russell also passed some of the sewer air 
" through plugs of clean cotton wool, which had been 
heated from 110° .to 120° C." in order that any 
spores or other mechanically suspended impurities 
might be arrested. 
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'' One specimen of the wool, throagh which ahout 5,000 cubic 
inches of the sewer ur had been transmitted, was put into distilled 
water with a little white sngar, to see if anj germs, similar to those 
lately described bj Professor Heisch, would become visible. The 
liquid was examined in a week's time, but none of the germs 
found."-^British AuoeioHon, Report, 1870, p. 73.) 

This experiment was repeated with some air from 
another sewer, with the same negative result. Only 
the smallest trace of ammonia was found on a careful 
examination, while no sulphuretted hydrogen could be 
detected. 

" These experiments must be looked upon as simply 
tentative, but certainly indicate a purer air in these 
sewers than might have been anticipated." 

Some of the plugs of cotton wool through which 
the air from the difiPerent sewers had been passed 
were sent to Mr. M. C. Cooke to be examined 
microscopically. 

" The results generally indicate comparative freedom 
from organic bodies," he reported ; nevertheless, spores 
resembling those of several fungi and filaments 
" greatly like the mycelium of some minute fungus," 
beside starch granules, fragments of cellular tissue, of 
the fibrils of feathers, &c., were found, especially in 
the specimen through which most air (7,000 cubic 
inches) had been passed. In another plug through 
which 5,000 cubic inches of air from the same sewer 
had been passed, " no fungi spores were de- 
tected," but it "was largely charged with minute 
cubic and rhombic crystals, which polarised well," so 
that it is very likely " that the same sewer would at 
different periods of the same day give a different 
result in the organisms with which the air is 
charged." — (Xoc. ciL pp. 74, 75.) 
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The general results of these experiments, so far as Air less 
they go, is, then, certainly that the air in the sewers is than^ex- 
much less impure than one would have expected ; and p®^***^- 
it must be remembered that the air examined was 
taken from the drain-sewers of London in the middle 
of August of a very unusually hot summer (the mean 
temperature of the air during August 1870 was 
62'8 Fahr. in Marylebone, and the highest 85° Fahr., 
as recorded by Mr. Henry Segrave). This is, doubt- 
less, partly to be explained by the fact that the lighter 
sewer gases escape through the open grids, and are 
replaced by common air. 

On page 149 a statement is quoted from the Ninth 
Report of the Medical .Officer of the Privy Council, to 
the effect that the sewers of Bristol, which are neither 
flushed nor ventilated, require neither the one nor the 
other. We find, however, from a paper read by Mr. 
Sneade Browji before the Social Science Association at Necessity 

of BeWGP 

Bristol in 1869, that sewer gases certainly found their ventiia- 
way into houses, especially in the upper parts of 
Clifton. He speaks of being " startled by an irruption 
of sewer gases, which permeated the house with their 
faint sickly odour, and made themselves particularly 
perceptible when the kitchen range was heated." 

Sewers should certainly be regularly flushed, unless 
the gradient is sufficient throughout their whole length 
to keep them free from deposit ; but, as we have said on 
p. 1 53, it is not safe to leave them without proper ven- 
tilating shafts, even when they are flushed regularly. 

Dr. Hewlett, in the Report of his Sanitary Tour,^ 
says : — 

^ See Eeport on Measures adopted for Sanitary Improyements in 
India, from June 1869 to June 1870, p. 230. 
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" Perfect rentilation of all the sewers is esfientially necessary. I 
have seen many methods adopted to effect this most difficult but all- 
important question. Either, as Mr. Rawlinson always orders with 
80 much success-^to quote again from Dr. Dayies — ' by Tentilatiog 
shafts in connexion with every man-hole along the course of the 
main sewer, at an average distance of 40 yards from each other, 
each ventilating shall being fitted with trajs filled with finely-broken 
vegetable charcoal, through which the gases most pass before they 
escape into the street.' 

''In Liverpool Mr. Newlands has used for the last eighteen years, 
and has greatly extended the introduction of, the Archimedean 
Screw Vcutilator. .... This invention appears to me to be likely 
to bo of infinite use in India, not only for ventilating sewers, but 
also buildings, as it ensures a rapid exhaustion of the air below, and 
will act incessantly whenever there ifl, as in Bombay, a continuous 
current of air." 

Cambridge was one of the towns reported on by the 
British Association Sewage Committee of 1869-70; it 
was found that {see JS. A. JReport, 1870, p. 60) — 

" The outlets of the public and private sewers are all under the 
level of the surface of the water in the Cam, consequently the 
sewage is backed up in the sewers for a considerable d'lstance, and 
the subsoil is constantly saturated with both water and sewage in tlie 
lowest parts of the town. 

" Inquiries were made into the state of some of the wells be- 
longing to private houses, and it was found that they were all con- 
taminated by sewage, owing to their proximity to the sewers in the 
streets and to the drains on the premises — so much so, that the water 
cannot be used for drinking, but only for washing." 

This is the natural result of the drain-sewer system, 
and led the Sub-Committee before-named (see page 
288), " to give expression to the conviction forced upon 
it in the course of its inquiries, that all sewers properly 
so-called (that is to say, drains into- which refuse from 
human habitations is admitted) ought to be con- 
structed of materials which are altogether impervious, 
and that a separate system of pervious drains, similnr 
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to agricultural drains, should be constructed where 
necessary to dry the subsoil. " The Sub-Committee 
is of opinion that the further constimction of per- 
vious sewers should be prohibit^ by Parliamentai^y 
enactment** (The italics are ours.) 



PRECIPITATION PROCESSES. 

Two other precipiialion processes are now on their 
trial ; the one, the phosphate process of Messrs. David 
Forbes, F.R.S., and A. P. Price, has been experi- 
mented upon at Tottenham. 

It " consists in treating the sewage with a solution phoaphate 
of the native phosphate of alumina dissolved in sul- P'^*^*^®^ 
phuric or hydrochloric acid. This solution is in 
itself a powerful antiseptic and disinfectant, com- 
pletely arresting further putrefaction, and depriving 
the most fcetid sewage of its oflPensive sinell, causing 
at the same time the supernatant water to be clear and 
colourless, even if tinctorial substances of great in- 
tensity be present in the liquid.*' — {The Phosphate 
Process for the Utilisation of Sewage, by David 
Forbes, F.R.S.) 

It is suggested that the process in this stage Preiimi- 
would be a valuable preliminary to irrigation, as the irrigation, 
offensive suspended matters would be precipitated, 
while the supernatant water would contain, besides 
dissolved organic matters and ammonia, a considerable 
quantity of soluble phosphates, so necessary for general 
'farm crops. If, however, irrigation be not resorted 
to, the process is completed by the addition of a suffi- 
cient quantity of milk of lime to neutralise the liquid 
and precipitate the phosphates in solution. 
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The native phosphate of alumina (containing from 
thirty to forty per cent, of phosphoric acid, equal to 
from 65 to 87 per cent, of tribasic phosphate*of lime) 
costs £3 105. a ton; it requires to be pounded and 
treated " with sulphuric acid in the proportion of 
one ton of the phosphate to from twelve to fourteen 
cwts. acid/' It thus forms a brown stiflF paste, which 
is dissolved in water, and allowed to flow into the 

Proportion sewagC. 

p^LteXo It is stated that '^ although in some cases less than 
*'^**®- half this quantity was found to be sufficient,H;he actual 
amount now employed on the large scale at the 
Tottenham sewage works is in the proportion of one 
ton of the crude phosphate to 500,000 gallons of 
sewage.*' 

With regard to the precipitate and its value as 
manure, an analysis by Dr. Voelcker shows it to con- 
tain 28'52 per cent, of phosphoric acid, and 2011 
per cent, of " organic matter and water of combina- 
tion," containing, however, only 0*57 per cent, of 
nitrogen, equal to 0*69 per cent, of ammonia. 
Vaine of Dr. Voclckcr says of it : — " It possesses valuable 
ude. lertiiismg properties, and, m my opmion, a sewage 

manure equal to the sample analysed by me will 
command a ready sale at £7 7^. per ton." It must 
be remembered, however, that its chief value is due 
to the phosphoric acid which is put into it ; indeed, 
as Mr. Forbes himself says : — 

'' It is not pretended that this process extracts anything like the 

Ammonia entire fertilising ingredients contained in the sev^age, since it is 

lost admitted that hj far the largest portion of the ammonia present in 

the sewage flows off with the effluent water, and is consequently lost 

unless this water is employed for the purpose of iirigation. 

*' The precipitate is in itself, however,' a yaluahle manure, which 
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is mainly owbg to the most important and characteristic feature of 
the phosphate process, in which it differs from all processes now in 
use, which is that the suhstanccs employed in effecting the purifica- Y ®.5^^ 
tion of the sewage are only such aa augment greatly the agricultural ^oe to 
ralue of the precipitated deposit, which can he increased at pleasure phosphate 
by merely adding more of the phosphate, so that it can by this ^ ^ 
means be rendered sufficiently valuable to bear the cost of transport 
to a distance from the seat of manufacture." — (Loe. cU, p. 11.) 

It is then admitted that all the ammonia, and at any 
rate part of the organic matter in solution, are left in 
the efiBuent water, and what remains to be seen is if Possible 

loss of 

any, and if so how much, of the phosphoric acid added phosphate, 
goes away in the effluent water. It will be remem- 
bered that in Blyth's process, although after the 
treatment with superphosphate of lime and sulphate of 
magnesia, '* lime water was then added, sufficient to 
precipitate the whole," yet this did not prevent " a 
third of the phosphoric acid added in the processes " 
from being left in solution and lost. 

Whether this be the case or not with the present 
process, no hope is held out of profit from its employ- 
ment apart from irrigation ; " the profit, if any, will 
be but small, and not sufficient to encourage the belief 
that the ratepayers can altogether escape putting their 
hands into their pockets in order to cover the expense 
of disposing of their sewage." — (p. 13.) 

We must, indeed, at once acquit Mr. l^orbes ot any gtuute for 
belief that his process can be a substitute for irriga- *"*8**'®°- 
tion where this is possible ; he himself says : — 

'' There can be no question whatever but, that when the local 
circuinstanceB of climate and soil are favourable to irrigation, and 
the conditions essential to its success properly observed, that sewage 
irrigation is the most natural and effective system for the utilisation 
of sewage, ainoe it is only by this means that we can render avail* 
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able the whole of the ammoniacal salts upon which so very maeb of 
the fertilising value of sewage depends." — {Loc, cit. p. 6.) 

He believes, however, that by precipitating the 
offensive suspended matters with a mixture which 
enormously increases their value without adding use- 
less ingredients, by completely deodorising them and 
the effluent sewage, while at the same time rendering 
this latter much richer in phosphates, this process will 
be found to obviate the objections at present raised 
against irrigation farming. 

This process, then, is not capable alone of utilising 
sewage, and there is little prospect of the eflBuent 
water from it coming up to the required standards of 
purity, as "it is not pretended that it attains any 
such high degree of purity as to admit of comparison, 
otherwise than in appearance, with the water supplied 
for the water-works, and it should be recollected 
that the object of the process is to purify sewage, not 
to manufacture drinking water out of it." — (p. 10.) 

Whether it will answer to use it as a preliminary 
to irrigation, with the view of removing all offensive 
smell, and rendering both the deposit and the sewage 
more valuable, can only be determined by trial on 
some irrigation farm ; the condition for success must 
be that all the valuable matter added be recovered 
and utilised, otherwise a loss would be entailed. 

Hille's process is now at work at Wimbledon ; it 
consists in the addition to the sewage of a mixture 
consisting of 100 lbs. of lime, 6 of tar, and 12 of 
calcined chloride of magnesium, with a certain quan- 
tity of some other substance of the nature which we 
were not informed ; the lime is slaked, and while it 
is hot the tar is added and thoroughly incorporated 
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with it ; after the additioB of the magnesian salt, &c., 
and sufficient water to make the mixture flow through 
8 large tap, the whole is thoroughly stirred up together. 

The sewage of about 5,000 people, being about 
180,000 gallons a day, is received into a small tank 
into which the precipitating mixture runs continually 
from the vat in which it is mixed ; thence the sewage, 
completely deodorised, passes into a circular tank 
20 feet in diameter, where the deposit settles while 
the effluent water is filtered through a basket con^ 
taining 9 inches of charcoal into a small tank, whence 
the overflow passes into another, and thence into 
the brook, or rather ditch. 

The deposit is taken out of the large tank twice Deposit of 
a year; it is a black mud, slightly offensive when *'^*^^'*^"® 
fresh, and has not been found valuable as a manure. 

Two mixings of the above quantities of the pre- 
cipitant are required per diem, and the cost of 
working the process is at present &8. 3^d. a day smaii 
without labour, and 5^. 6d. a day for the labour of ^°* *' 
two men. 

The chloride of magnesium is at present imported 
from Germany, and costs £8 a ton, delivered ; it is 
a refuse from salt works, and could doubtless be 
got cheaper in England ; the process is self-acting 
during the night, and might be to a great extent 
made so during the day ; certainly a much larger 
amount of sewage could be managed at the same 
cost for labour. 

This is then a dcodcrising process, which docs not SumTnary 
profess to recover a valuable manure from the sewage, ^ "^" '* 
but to purify the cfllucnt water so that it is inoffen- 
sive, and to do this in the cheapest possible manner. 
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It therefore entails an almost entire loss of the 
valuable constituents of the sewage, and the efflaent 
water doubtless contains, as that of all the other 
precipitation processes does, organic matters in solu- 
tion, ammonia salts, &c., and cannot be supposed 
to be so purified as to be admissible into a stream 
which afterwards supplies drinking water. 



weare's carbon filtration process. 

A method for the purification of sewage described 

as the " Carbon Filtration Process,'* has been patented 

by Messrs. Weare & Co., of Newcastle-under-Lyme. 

Filtration It consists essentially in the filtration (intermittent as 

chjtfSwti. for as may be) of the sewage though several tanks 

containing town ashes and vegetable charcoal. 

The system is in operation at the Stoke-upon-Trent 
Workhouse, where the tanks are entirely under 
ground, and the process is carried on without being 
perceived at all by the passers-by. The large tank 
into which the sewage is received directly from the 
workhouse is double, so that one half can be used 
while the other is being emptied ; in this tank most 
of the suspended matters are retained, while the 
fluids pass through a perforated dam and a filter of 
coarse ashes, and are conveyed by a pipe to a series 
of three smaller tanks, containing vegetable charcoal 
and fine ash ; passing through these in succession, the 
water is still further purified, and then allowed to 
escape into a drain. 
-AnaiysiBof The analyses of this effluent water show that it 
water? stiU coutaius a certain though small amount of organic 
matters and of ammonia, and more especially that it 
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contains a very large amount of mineral matters, no 
doubt derived from the ashes. It is stated that it 
does not putrefy. 

The manure produced must of necessity be a Manure 
valuable one, as it consists of excretal matters with ^ ^' 
vegetable charcoal and a certain amount of ashes. The 
process is a rational one, and deserves further investi^ 
gation ; the deodorising powers of vegetable charcoal 
are beyond dispute, as also is its property of absorbing 
many substances from their solutions. The question Summary. 
which of course arises is, can it be prepared at a suf- 
ficiently cheap rate to make it available in the lar^je 
quantities in which it would be required if the above 
process were applied to purify the sewage even of small 
towns? It is very possible that sea-weed or peat 
charcoal may be found to satisfy the above condi- 
tions, at any rate in certain localities. 



IRRIGATION FARMS. 

The necessity of separating the grosser suspended 
matters from the sewage before allowing it to run on 
to the land is becoming more acknowledged every day, 
and may be accomplished in various ways. Simple Deposit- 
depositing tanks are used in several places, and they ^^^ 
seem to answer the purpose very well, the chief ob- 
jection to them being the offence caused in removing 
the accumulated deposit ; this might, however, be 
obviated by the use of some cheap deodoriser, as 
we have before suggested. Filtration through beds 
of gravel has been tried, but presents few advan- 
tages ; coarse ashes and charcoal, as in Weare's 
process, certainly form a much better filter bed, 

X 2 
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and have the advantage of being deodorisers, and of 
forming a more or less valuable solid manure. 
Latham's Lastly, there is Mr. Baldwin Latham's ingenious 
^"^ ^* contrivance, which is in use at Croydon, of which Dr. 
Hewlett says, in the account of his sanitary tour, 
that he believes that it will supersede all other plans 
for attaining the object required; be thus describes 
it:— 

** In the middle of the stream of sewa^ at the ontfoU has been 
erected a turbine, which, acted upon bj the cleansed sewage-water, 
revolves between itself and the main stream of sewage an iron 
wheel, about 14 feet diameter and about 2 deep, which is divided 
from the outer edge to the centre into compartments which intercept 
the solid matter (consisting of all kinds of filth, among which I saw 
a dead dog, a tin biscttit-boi^ road drift, dec.), which is carried up 
until the compartment is over the central line, when the solid matter 
falls over the central axis, which \s furnished with an Archimedean 
screw, which worms it to a point outside the end of the axis, where 
another screw conveys it to waggons standing ready to receive it, and 
by which it is periodically removed ; while the side of the wheel 
fiiithest from the incoming sewage is covered with galvanized iron 
network, through which the strained water passes." — (Report on 
Measures adopted for Sanitary Improvements in India, from June 
1869 to June 1870, p. 232.) 

irriffation ^® ^^^^ already mentioned that Bird's process has 
atcheiten- ^jecn abandoned at Cheltenham in favour of irriffation 

iiam. . ° 

(see page 211). At this town the Commissioners have 
bought a farm of 131 acres, situated at a considerable 
distance from the town and below it, so that the 
sewage is delivered on to it by gravitation. The 
sewage is received into two tanks, the one near the 
lower part of the town and some three miles from the 
fiirni, the other at Hatherley, on the outskirts of the 
upper part of the town, and about 1^ miles from the 
farm ; at these spots it formerly passed into the two 
small streams, the Chelt and the Hatherley brook 
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(which discharge separately into the Severn), render- 
ing them foul nuisances. Now, after depositing the Tuks. 
greater part of the suspended matters in the tanks, 
which are constructed with several compartments (the 
sewage passing from one to the other, either over 
weirs, or from below upwards through rough filter- 
beds, so that the floating matters are stopped as well 
as the heavier suspended matters), the sewage passes 
onwards through two impervious pipe sewers to the 
farm ; the longer of these, the one from the Cheit o«tfidi 
tank, is 15,400 feet long, and has a fall of 26 feet, the ^^^^ 
average fall being 8 feet in a mile, although at one 
place the fall is only 1 in 1,693 ; while that from the 
Hatherley tank is only 8,400 feet long, and has a fall 
of 10 feet. 

The sewers are well laid, and no deposit ever takes 
place in them ; man-holes are placed along them at 
such distances that a candle let down through one 
can be seen from the next, so that the sewers can at 
any time be easily examined from end to end. A 
great deal of surface water gets into the sewers^ but 
means are being taken to separate this as far as 
possible. 

The surface of the farm has fDr the most part 
a good natural inclination, and the soil is generally a 
stiflish clay ; it was already laid out in ridges and 
furrows, so that it was suitably arranged for running 
the small carriers along the summits of the ridges ; 
the land is almost all old pasturage, only a few acres Old pas- 
having been sown with Italian lye-grass. With regard ^^ "* 
to the question of irrigating old meadow land with 
sewage, it must be remarked that near to the Chelt 
tank there are two meadows which have been irrigated 
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for the last five years, and which are now in 
excellent condition; cattle are grazed on them and 
thrive remarkably vrell, and the only complaint that 
the farmer has to make is that he cannot have sewage 
on all his meadows. 

The farm is obviously too small for the purification 
of the sewage of so large a district, including as it 
does from 45,000 to 50,000 inhabitants, but a great 
deal of land is available along the course of the 
FMincTB sewers, and the farmers are only too glad to prepare 
jppj^»**« their land to receive the sewage and to pay for the 
privilege of having it. The purification is effected 
in great measure by surface action, but it is very 
thorough, and the pollution of the brooks^ and the 
nuisance caused thereby, have been stopped. 

The cost of establishing the farm was £18,000, of 
which £10,500 were spent in the purchase of the 
131 acres of land, and £7,500 in the construction of 
the outfall sewers and in the laying out of the land. 
The previous value of the land was from £2 10^. to 
£3 per acre at the outside; last year it let on an 
average at £7 5s. per acre, the highest price realised 
being £8 13s. per acre for a lot of 24 acres, and the 
lowest £5 18^. per acre. " The total of the letting was 
£863 16s. Gd. for the year, exclusive of the value of 
the piece of land kept by the surveyor for experi- 
ments.'' To this must be added the amount received 
for the sewage supplied to other farms, and also 
for the manure made by mixing the deposit in the 
tanks with town ashes and street sweepings, for which 
from £200 to £300 is obtained yearly, so that it 
appears that the Comniissioners have in the first year 
gained enough to pay the interest on their loan and a 
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raoiety of the capital expended in permanent work$ 
(outfall sewers, &c.). 

The land was let. under the following conditions: Conditions 
the tenants to be allowed either to graze or mow the ^ ^^ ' 
land ; the sewage to be applied at the discretion of 
the surveyor ; the right of underletting not conceded ; 
and a tenant desiring to erect any building on the 
land to be allowed to make arrangements for the 
removal thereof on the expiration of his tenancy. 

We find that there was at one time a complaint Alleged 
made that certain wells had been poisoned by filtra- Sf iViu!^ 
tion into them of sewage water from the farm ; on 
investigation the following was found to be the state 
of things. At one house where the well was com- ^^^i 
plained of, "the ditch is actually polluted with the ^^^^^ 
soakage from the privy, and also receives the slops 
and liquid drainage from the house, so that it is quite 
impure and oflFensive ; and this ditch is not very 
many yards from the well in question. ... The 
other house . . . also drains into the ditch to a 
considerable extent, and, as I have for a very long 
time noticed, it is thus at certain times rendered very 
foul and impure." — {Surveyors Report.) The facts 
speak for themselves. 

On visiting this farm in the autumn, and again 
during the coldest week of the past severe winter, we 
found no nuisance on either occasion, and, on the 
contrary, the brooks are clear streams instead of open Pnrifica. 
sewers disseminating foul effluvia all around, as they brooiu. 
formerly were. On account of the stiflfness of the soil 
the water does not percolate easily, but it does not 
remain long enough on the surface to become stag- 
nant, and the land soon regains its accustomed firm- 
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ness and dryness. During the winter there appeared 
to be no great difficulty in managing, the irrigation, 
but the ice in the small carriers had to be broken to 
allow of the free passage of the sewage along them. 

An account of sewage irrigation as carried out at 
Breton's farm, near Romford, is given in the Report 
of the British Association Sewage committee for 
1869-70. {See B, A. Report, 1870, p. 71.) 

From it we find that the agricultural results with 
almost every kind of crop were very encouraging, even 
when the comparative advantage accorded to irriga- 
tion by the extreme*dryness of the season is allowed 
for, while the purification of the sewage was exceed- 
ingly satisfactory, and indeed surpassed anything of 
the sort that we have yet seen. 

The analyses given of the soil show it to have been 
a very poor one, 31*65 per cent, of it consisting of 
stones too large to pass through holes of a sieve 
which were 3*88 millimetres in diameter, while of the 
66*43 per cent, of soil which passed through the 
sieve (the rest consisted of roots, &c., and moisture 
lost at 100° C), no less than 60* 70 i>arts were 
insoluble in strong hydrochloric acid, the remainder 
consisting chiefly of ferric oxide, alumina, and lime, 
with traces of potash, soda, phosphoric acid, &c., while 
the loss on ignition was only 1*69 parts. 

From the analyses of the sewage as pumped on to 
the land, and of the effluent water, it appears that the 
total toiount of solid matters in solution is not much 
altered by the process, that the suspended matters are 
reduced to an almost inappreciable quantity, that the 
ammonia is reduced from 3 or 4 parts to quantities 
varying from 0046 to inappreciable traces in the 
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100,000 purts; and the albumenoid ammonia from 
0-14 or 0-2 part to from 0031 to 0056 part in the 
100,000 parts, while instead of these, nitrates and 
nitrites which are not found in the sewage appear in 
the effluent water to the extent of from 1*5 to 2*3 
parts per 100,000. 

The sewage from the town is really stronger than 
the figures above given w^ould indicate, but the 
sewage pumped on to the land contained a large 
quantity of effluent water from the land which was 
returned to the tank to dilute the sewage. 

The produce of the farm has been especially fine. Produce 
and the prices obtained for it very high, but for ^ ^^^^ 
these we must refer to the Report from which we 
have quoted; it is sufficient here to say that it 
is finally proved " that sewage in its liquid state 
can be practically applied to apparently every kind 
of crop." One especially important observation is 
recorded : — 

" In Plot N, bed 1 (0*252 of an acre) was sown on April 27th 
with a new kind of American oato, which were cut on August 22nd, 
and yielded twenty-eight bushels, equal to fourteen quarters, per 
acre. At the beginning of June this crop was seriously damaged, Beatmc- 
and in danger of being destroyed, by the ravages of the Oscinis ^^^^ of 
vastator, one of the smallest but most destructive of those 'grubs* wonnB by 
and 'wireworms' which at timc3 cause such injury .to cereal crops sewage, 
in this country. The remedial effects of sewage irrigation under 
similar circumstances having been previously observed elsewhere, 
two heavy dressings of sewage were applied to this bed during two 
successive days, the result being that the grubs were entirely de- 
stroyed, and the greater part of the crop was saved. It is proposed 
to conduct some experiments to ascertain whether this result could 
bo accomplished by the use of pure water, or whether, with the 
physical effects of immersion, sewage applied in this way combines 
the action of some agent or agents which act as a specific poison to 
organisms of that type." — (Loc, clt. p. 65.) 
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As to the quantity of sewage applied to the land', it 
appears that in all probability " 400 tons per acre is 
the largest quantity, that has ever been applied in any 
one dressing ; and if we assume that the first dressing 
all over was at the rate of 400 tons per acre, that 
the second dressing was at the rate of 200, and that 
the subsequent dressings were at the rate of 100, we 
shall not be far from the truth." — (p. 69.) 

The drought last summer (1870) was so severe 
that even the irrigated lands did not get as much 
water as they required, and so it is not to be 
wondered that the contrast between the crops they 
yielded and those yielded by other lands was more 
marked than ever : — 

** A small field of between throe and four acres in the adjoining 
farm was sown with peas for picking green. These the fanner 
tried to sell on the ground for £S an acre; but he was unable to sell 
them at all, and at last left them to ripen. They still remain unsold, 
and arc estimated to be worth from £5 to £6 an acre, while the 
straw was so stunted that there were not two loads from the whole 
area.''- (p. 69.) 

On Breton's farm four beds in Plot B, " equal to 
1'96 acre, were sown in the first week in April with 
* Champion ' peas for eating green, which were sold 
in July for £30, the buyer picking them and leaving 
the straw." — (p. 63.) 

" In the next field beyond the peas (farmed by one of the best 
agriculturists in the county, a man of superior education and 
agricultural knowledge, who has farmed the same land for years past 
with immenae care, having planted small hedges hero and there in 
give shelter and break the wind, and having grubbed up the old 
hedges, and having further collected the stones off the surface of the 
land, and who applies farm-yard manure, guano, bones, <fec. with 
*both liberality and judgment) were sown onions, and these onions 
the farmer said that he would gladly sell for one-fifth of their cost." 
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Let this be compared with the prices realised for Prices for 
the beds of onions on Breton's farm, viz. £36 per 
measured acre for two of the beds, and £46 per acre 
for another. 

" Again, upon the small meadow at Breton's marked U, com- 
prising altogether, after deducting ponds, Sx,, only 5^ acres that 
can actually he mowed, the two crops of hay already got in amount 
to 9 loads (3| and 5\ respectively) ; and a third is growing, which 
with care and energy, and the as^^i stance of a large ham, may easily 
be got in in the present month (Septemher), is estimated as equal 
to the first, making a total of 12| loads in one season from 5^ acres. 
The tenant of Breton's has a large meadow, ahout three miles 
nearer London, sloping down to a brook shaded by trees, and which Failures 
onght to suffer less than most from drought; yet off on available area orSiter*" 
for mowing of 27 acres he was only able to get four loads of hay, and 
there is scarcely any aftermath at all. In potatoes and carrots the 
figures run in about the same proportion between the sewaged and 
the unsewaged ground, while of green crops without sewage there 
were simply none." — (p. 70.) 

From a paper read by Mr. Henry John Morgan, 
before the Institution of Surveyors, on March 27th, 
1871, we find that the results obtained at the Lodge Lodge 
farm. Barking, have been very satisfactory in so far as 
the obtaining of large and valuable crops goes, but, as 
the writer says, " it would not be safe to base calcula- 
tions of what price a farmer could usually afford to 
pay for the sewage, upon the amounts which have 
been realised by us at a time when drought had 
deprived the market gardeners round London of 
their crops." 

The past year, although a very favourable one for influence 
contrasting irrigation with other methods of mnnur- Cncom?* 
ing, was not so for obtaining the largest possible rewiits!^ 
crops, as even with the aid of irrigation enough 
water could hardly be got on to the land: in other 
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words, a less dry season would certainly show larger 
absolute, though smaller comparative results, in favour 
of irrigation. 
Madras The " Report on the Measures adopted for Sanitary 

fanuf^ Improvements in India, from June 1869 to June 
1 8 70," contains an abstract of Captain TuUoch's report 
on the Madras sewage farm, of which report it is 
stated (p. 25) that it enters " fully into the economic 
bearings of the experiment, and, viewed in this hght, 
there seems little doubt of its proving a great finan* 
cial success." From this report it appears that a great 
variety of crops have been successfully grown, while 
even during the monsoon the difficulty of dealing 
with the excess of water does not seem to be at all 
insurmountable. 
Lciceaier The Leicester County Lunatic Asylum has aflForded 
Aajium. another instance of successful sewage irrigation, and 
an especially interesting one, as accounts have been 
kept for some years, and the profits realised are 
known exactly ; the results have been described and 
compared with those obtained from the ABC pro- 
cess at Leicester, by Henry Waugh, Esq., C.E., in 
a pamphlet, " On the Disposal of Sewage in Towns." 
It appears that the sewage of about 500 persons, 
amounting to about 11,500 gallons a day, ** flows con- 
tinuously, day and night, over a few acres of ground 
cultivated by the patients of the Asylum." 
Profits The profits have risen with the number of patients, 

from inri- j^^id uow, after payment of rent, taxes, labour, and 

gallon. ' •^ 

interest of money, *' the average net profit at present 
amounts to about £550 per annum" (p 12). 

" The earth over which the sewage has been run for eleven jcars 
has no unpleasant smell or appearance. It was tried under all 
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circumstances, from quite dry to recently irrigated;, aud in no 
instance was there any unpleasant odour. The, gardener, his No injury 
labourers, and the patients who work with them, enjoy excellent o®^'*-"' 
health ; and, in fact, the general health of the Asylum is so good as 
to offer the best testimony to the absence of all danger from the 
experiment; and, let it be remembered, this is not a question of 
carrying the fluid sewage to a oonsiderable distance before using it ; 
the outfall of the drain, and commencement of the distributiug 
canals, being within 50 yards of the main buildings of the Asylum.'^ 

Here, then, the sewage has been purified, the General 
effluent water being " pure, clean, and soft," there '®*^^**- 
has been no detriment to health, and '' the land has 
paid for this good treatment at the rate of £1 Is. per 
head per annum." We are informed that the value 
of the labour of the patients has been calculated and 
subtracted from the receipts, and we think that enough 
has been said to justify the statement made by Mx, 
Waugh : — 

'* Eyery town of England has now in its own power the means of 
greatly reducmg its local taxation, by converting what has always 
heen a dangerous nuisance into a fruitful source of revenue ; imr 
proving, at the same time, the health and comfort of the com- 
munity."— (p. 20.) 

It has been stated that the contagious diseases Contagion 
among cattle, and especially foot and mouth disease ^uef 
and rinderpest, will be spread by irrigation farming. 
The evidence hitherto obtained does not support this 
assumption; it rather goes to show that, as in the 
case of cholera, soil and growing plants really have 
the power of separating poisonous matters from 
the sewage, decomposing them and rendering them 
harmless. 

The following interesting case is recorded in the 
report of the engineer to the Croydon Board : — 
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BioderpeRi • *^ Eleven head of cattle were affected witb rindeqiest ; thej were 



not pro- 
I>ag»led. 



in a homestead at the head of the farm, and, at the time of the out- 
break, forty head of cattle were pastured in the lower fields, and 
twenty cows, with twenty calves, were in the lower buildings. The 
whole of the drainage from the upper buildings passed over the 
adjoining land to the outfall ; and although the cattle were pastured 
on the irrigated land, and were watered by the cfiiuent water after 
it had passed over the land, not a single case of catUe-plaguc 
occurred amongst the animals on the lower portion of the farm." — 
(See Dr» Alfred Carpenter* s Paper on the Physiological and 
Medical Aspect of Sewage Irrigation, p. 45.) 



No evi- 
dence of 
spread of 
entozoic 
diseases l>y 
sewage 
irrigation. 



THE Ein:OZOA QUESTION. 

The only facts that we were able to adduce with 
regard to the possible spread of entozoic diseases by 
sewage irrigation were the general ones that such dis- 
eases had not been shown to be more prevalent either 
among cattle or among men living in irrigated dis- 
tricts, or even in countries where fresh humun excre- 
ment is used as manure. 

Since the foregoing pages were published, two 
papers on this subject have been communicated by 
Dr. Cobbold to the Association of Medical Officers of 
Health ; they will be found in the Medical Tiniest and 
Gazette for January 28th and February 25th, 1871. 

From a careful perusal of them, it clearly appears 
that up to this time there is yet no evidence whatever 
to show that entozoic disease has been caused in a 
single case either in an animal by feeding on sewngcd 
produce, or in a man by eating the flesh of an animal 
so fed. 

The objection that animals may be suffering exten- 
sively from entozoic disease without its being recog- 
nised during their lifetime, and that very few persons 
are qualified to recognise even measly meat when it 
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is placed before them, entirely falls to the ground in 
the case of men, even if it be considered to hold good 
in that of cattle. 

Had the communities which have been so long fed 
upon the flesh of animals fattened on sewage-grown 
produce been more troubled with entozoa than others, 
we should certainly have known of it. As a matter of 
fact, we do know where entozoic diseases are preva- 
lent ; we know that the population of Iceland is much countriea 
troubled with one entozoon, that of Norway, Lapland, are^pre-*^^^ 
&c., with another, and that of the Punjab with a ^*^'^^*- 
third ; so that until it is shown that these diseases have 
been increased in men where sewage irrigation has 
been adopted, we have no sort of right to say that 
they will be ; the facts are certainly on the other side. 

Moreover, in the " Report on Measures adopted for 
Sanitary Improvements in India, from June 1869 to 
June 1870"' (page 72), we find under the head 
** Entozoa in ration cattle," that "throughout the 
Punjab during 1868, 1,038 head of cattle, or 612 per 
cent, of those tendered for rations, were found infected.'* 
Although this has nothing to do with sewage irriga- 
tion, it shows that in some places at any rate where 
entozoic diseases are prevalent in cattle they are re- They are 
cognised, and that there would be no great difiiculty {^^^ie.^*^ 
in showing that the cattle on irrigation farms were 
more infected with them than other cattle if such 
were the case. This has not been done, although 
since 1865 attention has been drawn to the subject. 

But Dr. Cobbold has stated that he considers the 
ABC process and the dry earth system to be, from 
the entozoic point of view, safer than sewage irriga- 
tion ; on this head we may quote somewhat at length 
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from the leading article on the subject which appeared 
in the Laticet of February 4th, 1871 : — 

*^ Upon what evidence, then, does Dr. Gobbold state tliat one 
system is safe and the other dangerous ? None whatever. There 
is not a single hci brought forward to show that the ABC process 
IS capable of destroying parasitic ova, or that thej perish when 
covered up in earth. On the latter point, all the analogies and facts 
are as jet against the inference. Parasitic diseases existed long 
before water-closets and sewers. It is well known that the ova can 
be dried without destroying their vitality; but there is no evidence 
to show that they are able to exist in sewage, or to redst the con- 
ditions of sewage transit. The more perfect the preservative acdon 
of the earth-closet, the more sure is the transmisuon of living ova to 
the land ; whilst it seems to us at least as probable that the ova will 
survive the muck-heap as that they will fiiil to be destroyed by the 
sewer. Does Dr. Cobbold mean to say seriously that it is less dan- 
gerous to spread a field with manure than to irrigate it two or three 
times a year with sewage ? In the one case the matter remains 
upon the surface, and adheres to the blades of grass ; in the other, 
when properly administered, it at once sinks into the ground. In 
the one case the grazing cattle cannot £ul to eat it ; in the other it 
is beyond their reach. Dr. Cobbold has not adduced a particle of 
evidence to prove that the system of sewage irrigation is more likely 
tp extend the spread of entozbotic disease than is that of putting 
manure directly on the land ; whilst, on the other side, we have the 
evidence of Professor Christison, that he had never been able to 
refer a single case of parasitic disease to the sewage irrigation, so 
badly carried out at Edinburgh." 

The vital powers of the eggs and larvae of entozoa 
are well known to be, in many cases at any rate, very 
considerable indeed, but as far as the BiUiarzia is 
concerned we have now some definite facts to go 
upon, and we are bound to add that it is Dr. Cobbold 
himself who has brought them to light. He says with 
regard to the larvae of this formidable parasite {Med, 
Times and Gazette, February 25th, 1871) : — 

"The strength and vigour of the escaped larva* appeared \o 
depend upon the relative quantity and purity of the water in which the 
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larvae were immersed. In weakly-diluted urine thej soon perished. Its Uurrse 
and erein also in water where only a small quantity of decomposed P^^^^l^ '^^ 
yegetable or animal matters had been introduced. On August 16th 
I placed about 1,000 eggs in a quart of clean water, to which less 
than a drachm of urine had been likewise added. In forty-eight 
hours not a single living embryo could be found. In fact, I sul»e* 
quently ascertained tliat I could not keep the embryos alive for 
twenty-four hours in any water in which I had accidentally or other- 
wise introduced the smallest trace of mucus, blood -corpuscles, 
urinary crystals, or decomposing matter of any kind. All sorts of 
le-agenta speedily killed the larvae," &c. 

" Ab regards Bil/iarzia, therefore^ the above data, now publicly 
brought forward for the first tune, undoubtedly appear to favour the 
notion that little harm can result from sewage distribution, so far at 
least as parasitism b concerned." 

Whether the eggs and larvae of other entozoa do Qaestionof 
arrive in a living state on sewage farms, we do not Ut^^iu^ 
yet know, but if anything is likely to be injurious to ^""^^^^ 
organisms whose natural habitat is the acid excretion 
of the human intestines, we should suppose that it 
would be immersion in a liquid containing much 
urine, whicH so soon becomes alkaline from the con- 
version of the urea into carbonate of ammonia. We 
think with Dr. Cobbold, that " how long they are 
able to retain their vitality when dispersed by sewage 
and other means is a point worthy of further inquiry/' 
and as one fact towards the solution of this question, 
we quote the following- passage from the Report of 
the British Association Committee, to which we have 
already alluded (B. A. Report, 1870, p. 52) : — 

'' Some specimens of sewage-grown rye-grass, carrots, turnips. Sewage- 
onions, beet, and lettuce, from Breton's farm, were sent to Mr. j'^^'i'''^' 
M. 0. Cooke, M.A., for examination, with a view to the possible from ob- 
discovery of cntozoic eggs or larvse. He states that * the ryegrass jectionable 
was mouldy, but only from such moulds as are the result of decay 
from the damp grass haying been kept several days enclosed ;' and 
he summarizes the results of his examination of the vegetables as 
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foIlowB : — ^ I find nothing whatever to report against any of them. 
Tbej all seem to me in excellent order, and free from parasitic 
insects, or from fungi of anj kind.' ** 



Plain 
water 
irrigation. 



Dr. Cobbold informs us that he has thought that 
the plain-water irrigation practised in the Punjab 
may, on account of the dirty habits of the natives, 
have something to do with the prevalence of entozoic 
disease there : we submit that the filthy practices 
alluded to (the deposition of excreta indiscriminately 
about the fields, around the villages, &c.), are in so 
many countries the great cause of the spread of such 
diseases, that there is no reason for supposing that 
the irrigation has anything to do with it. 
Sommary. We sec 110 reason, therefore, to alter our opinion 
that it has not yet been shown that sewage irrigation 
has ever increased the amount of entozoic disease in 
men or cattle, still less that it is likely to do so to a 
greater extent than any other method of utilising 
human excrement ; and even were this shown to be 
the case, the danger would be to a great extent 
obviated by some such preliminary treatment, with a 
view to the separation of the suspended matters, as 
we have already insisted upon. 

We ought certainly to have all meat inspected 
by competent persons before it is exposed for sale ; 
by this two ends would be secured— we should find 
out where entozoa are most prevalent among cattle, 
and we should be able, if all infected meat were cut 
m slices and well boiled before being sold, to pre- 
vent the spread of entozoic diseases among men, and 
so indirectly among cattle too. 
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When pipe sewers have to be laid in loose sandy pipe 
soils, considerable difficulties arise, which usually ronning* 
effectually prevent their being impervious; indeed ■*^^- 
subsoil water gets into them, and issues from their 
mouths as soon as they are laid : this is '' in conse- 
quence of the cement, even when covered with a 
clay lute, getting washed into the sewers before it has 
time to set." Cast-iron pipes have been proposed in 
such circumstances, but Messrs. Reade and Goodison, 
of Liverpool, have in the " British Association Report 
for 1870" {Transactions of the Sections, p. 222), 
described a plan by which the difficulties just alluded 
to are obviated. 

'* They have introduced a subsoil-drain and pipe-rest (manufac- 

lured bj Messrs. Brooke and Sons, of Huddersfield) of the form of 

the letter Q, which is first laid in the bottom of the trench and 

jointed with clay, like an oi-dinarj pipe-sewer. This has the eflFect 

of lowering the subsoil-water, so that the sewer proper can be laid 

upon the moveable saddles or rests (fitting the curvature of the 

drains and the sewers) undisturbed by water or running sand. By 

tbese means the cement joints can be made perfect all round, 

and have time to set before the trench is filled up. True gradients 

are insured, as the pipes can be leisurely laid ; and as the pipes are 

jointed over the middle of the subdrain, a continuous foundation is 

secured. A mora perfect drainage of the subsoil is also found to 

T 2 
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retdt, the general level of the water being reduced to nearly the 
leTcl of the invert of the aewer." 

This plan is well worthy of consideration, as there 
are many places where difficulties have arisen in the 
laying of pipe sewers so that they shall be, and re- 
main, impervious. 

Since the preceding appendix was printed the Third 
Report of the Rivers' Pollution Commissioners (1868) 
has appeared, and we think it desirable to include 
some extracts from that Report, although it chiefly 
refers to (he '"pollution arising from the woollen 
manufacture and processes connected therewith." 

With regard to the Midden system, it appears that 
(loc, ciL p. 7) — 

Midden « There are in Leeds ahout 6,000 water-elosets, hesidea a nnmber 

Ya^ ^ of trough and tank cloeeta, and some 10,000 privies, middens, and 
ash-pits, all of which are connected with the sewers. These are 
cleaned periodically under the direction of the Sanitary Committee 
of the Corporation, at a cost of about 12,000/. a year, and the 
Corporation receive about 6.500/. a year for 70,000 tons of refuse; 
the cost of cleaning them exceeding the amount received for the 
manure by 5,500/. a year. This scavenging process, which thus 
costs about one shilling annually per head of the population, while 
about 6|c/. a head annually is obtained for the excrementitious 
matter removed, is at the same time most offensive. * The cleaning 
NuUanoe. of the privies, middens, and ash-pits is complained of as a nuisance 
affecting the health and comfort of the inhabitants. The stench in 
Leeds from 10 p.m. till 4 a.m., while this operation is going on, is 
described as something fearful.' " 

Severalinteresting examples of the pollution of well- 
water by excremeDtitious matters are given. Such 
water is described as '' the bright and sparkling, but 
often dangerous, beverage drawn from shallow wells 
sunk into ground reeking with excrementitious mat- 
ters '' (p. 86). 
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Thus at Kidderminster, of a well that was pointed 
out " as yielding water of average quality/' il is stated 
that " it is only five feet deep, and contained a liquid PoUated 
which was very similar in composition to that which 
we have obtained in our laboratory by allowing Lon- 
don sewage to soak slowly through five feet of gravel. 
The drinking of such water, especially in periods 
of epidemic disease, cannot but be fraught with great 
risk to health " — (p. 41). 

The water from a well at the Blue House School in 
Frome actually '^ contained unoxidised sewage mat- 
ters, besides exhibiting a very large anterior pollution 
of the same kind/' 

Of the water of a well in Durham, described as* 
" one of the best/* it is said : — 

<< This water, though clear and sparkling, is shown bj our analysis Often clear 
to be little else but the peroolations fit>m sewers and cesspits ; hj^^ 
100,000 lbs. of it contain the inorganic remains of as much ezcremen- 
titious matter as is present in 62,360 lbs. of London sewage, whilst 
the large propoiiion of chlorine which it contains, shows that a good ^^^°^ 
deal of urine mixes with it ; indeed, the pump is in a back-yard, by mss- 
close to a privy and ash-pit, and the waste water from the pump- pools, 
trough passes down a sewer-grid dose to the pump" — (p. 44). 

Witney derives its water supply from wells from six 
to fifteen feet deep. 

** The water of these wells is frightfully polluted, and entirely 
unfit for human consumption ; one of them which we have analy- 
ticallj examined is supplied chiefly from percolations frx)m sewers 
and oeaspools, and contains a large proportion of unoxidised sewage 
matter, besides ammonia from urine " — (p. 45). 

It is plain from these instances that shallow well Weii-water 
water, however bright and sparkling it may be, is not sutpioiouB. 
by any means a desirable beverage, and may be a very 
dangerous one ; and the depth of the well is merely a 
question of degree in most cases. 
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It is the old tale of the Broad-street pump over 
again : people prefer the cold, clear \irater from a well 
sunk, it may be, ** in the fool soil of an ancient town/' 
to the filtered water pumped them from the river (and 
with some reason too, for they know that the latter 
has been directly polluted), imtil a day comes when 
the poison of cholera or typhoid fever is introduced, 
and is distributed with the water to perhaps a whole 
district. 
Filtered But if well-water is not fit to drink, is it right to 

water. filter polluted river-water, and make people drink it ? 
This question is best answered by a description of the 
state of the rivers in and below some large towns, and 
lias been already treated of in our chapter on the 
Pollution of Rivers. Of the WortA (below the town 
of Keighley), a tributary of the Aire, one witness 
says (p. 4) : — 

^k* w^^ " Formeiij tront were verj plentiful in the stream, but now no 

living thing can exist except rats, which feed on the dead carcases 
of animals thrown in. The river, for more than half a mile above 
mj works, is veiy seriously polluted bj town sewage and refuse 
from manu&ctories and works ; and in the summer the stench is ao 
had that the smell is perceptible for more than half a mile off.'^ 

The Bradford Bed is, above the town, dear 
(although not altogether in an unpolluted condition), 
and '' appears to abound with fish '^ (p. 5). 

PollDted <<In passing through Bradford it receives, besides the sewage 

Tarious ^^ 140,000 people, the drainage and refuse of numerous factories." 
rivers. '' The Bradford Beck as it leaves the toim is a black, filthy, and 

offensiye stream ; eren above the sewer outfidl it was, at the time of 
our inspection, emitting offensive gases, and could scaroelj be dis- 
tinguished in appearance from the sewage itself." 

The sewage of Leeds, to the amount of 11,000,000 
gallons daily, enters the Aire (p. 7). 
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" Twenty years ago the river was comparatively dean ; it is now 
a black and greatly polluted stream." 

'' Both the river and its affluents flowing through the town are, 
especially in time of drought, very foul, and consequently prejudicial 
to the health and comfort of the inhabitants." 

'< At a distance of about ten miles below Leeds, and immediately 
above Castleford, the Colder joms the Aire, The inhabitants com- 
plain of the stench and filth brought down to them by boch rivers. 
At the weir beside the Aire and Caldcr corn-mill here, not only the 
water, but the foam upon it, was black at the time of our inspection ; 
and the miller and his men complained of the frequent nausea Nausea 
which they suffered from the sickening filthy stench to which they *^^ ^^ 
were continually subjected" — (p. 8). from river. 

But it may perhaps be thought that such water 

would never be used for drinking purposes: this 

idea will soon be dispelled. The Colder, already 

somewhat polluted, "receives the water of the 

Be66le, a stream which brings down to it a very 

filthy contribution from the town of Halifax." 

Further on it is joined by the Colne^ a "foul Aaex- 

streara," which has been so polluted by Hudders- pSuited 

field as to have more than doubled its proportions 

of organic carbon and organic nitrogen, and to be 

" said to be a source of ill-health and discomfort;" and 

about six miles lower down " it receives the water of a 

small beck, an extremely filthy stream, which brings 

down the drainage of Batley and Dewsbury." This 

river receives, lastly, the sewage and " many kinds of 

liquid refuse" of Wakefield, a town of 26,000 

inhabitants, and is so discoloured that at times it may 

be used as ink, and the Commissioners actually give a 

facsimile of a memoranduui made with it, '^ the pen 

having been dipped in the river water immediately 

below the outfall sewer of the town, at a time when 

there was an unusually filthy discharge from it." 

Below the town " the river was turbid, and of a dark 
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brown colour ; an oily film floated on the surface, and 

the water emitted a mixed odour of sewage and gas 

tar." It will scarcely be credited that '* at a point 
Soppiios sovtewhat below this^ * about a viile below tlic main 
waur."* setcer outlet/ the toater supply of Wakefield is taken 

from the river*' (pp. 11 & 12. The italics are ours). 

Of this water '' a volume of 1,000,000 gallons is daily 

pumped from the river." 

We should think that no one will be found to disagree 

with the Ciommissioners when they say : — 

Remarks " Although ' the water is filtered by a patent process,' it is diffi- 

of Com- ^^1^ ^^ conceive anything more disgusting and dangerous to health 

erw. than a populous community thus systematically, and by an elaborate 

and costly arrangement of reseiToirs, pumps, filters, and distributory 

apparatus, drinking its own filtered sewage, taken from a stream in 

a black and putrescent condition " — (p. 39). 

The water as supplied to the town was examined on 
two occasions, at an interval of a year. It ''was 
chemically less contaminated than might be expected, 
yet on both occasions it contained a large proportion 
of nitrogenous organic matter. It was of a greenish 
yellow colour, and on one occasion very turbid." 

This case speaks for itself : it would be difficult to 

find one which would do so more eloquently. Is it 

necessary to show that people would be more healthy 

if they drank pure water ? Plenty of proof of this has 

AdTan- been given in chapters ii. and vii. Here is another 

un^iuitcd case: — Dewsbury, Batley, and Heckmondwike are 

^^^^' now supplied with unpolluted water "from about 

2,000 acres of gathering ground." 

*' The authorities in all three towns concur in stating that the 
health of the people has improved since the introduction of this 
mountain water in the place of the previous supplies from poUated 
rivers and wells ^ — (p. 38). 

Need any other reasons be adduced for purifying the 
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rivers than that their state is detrimental to health P 
Let us hear what the manufacturers at Leeds say on 
the point (p. 7) : — 

** If the river were rendered clear and colourless, it would be a Of clean 
direct money value to us of from £60 to £70 a year/' nyew. 

" If the river were rendered clear and colourless, it would be of 
coDsiderable money value to us, but we cannot give the amount." 

" If the river from which we might derive a supply of water 
were rendered clear and colourless, it would be a direct money value 
to us of £100 a year." 

And so on. In fact the Commissioners came to the 
conclusion that on the whole ''the foul condition 
of these rivers is really one of the heaviest taxes which 
manufacturing industry has to bear." 

These rivers must be cleansed by intercepting the 
foul liquids — not only the sewage, properly so called, 
but the refuse from manufactories, which is in some Waste 
instances very valuable. Thus the waste liquor dis- from" 
charged into the Severn from the flannel works at 
Newtown contains in 100,000 parts no less than 
1733*4 of suspended organic matters, 446,363 of dis- 
solved organic carbon, 91,185 of dissolved organic 
nitrogen, and 80,012 of ammonia (p. 25). 

''The composition of the waste liquor from flannel washing 
proves it to be, in the case examined, a most valuable manure, one 
hundredweight of it being worth, for this purpose, more than one 
ton of London sewage. The discharge of such liquors into rivers is 
a reckless waste." 

The important question then arises, if these liquids 
may not, any more than sewage, be turned into rivers, 
what is to be done with them ? 

Several remedies are proposed in exceptional cases, 
but the only one which admits of almost universal runfied 
application is irrigation on land, or, where this is tion.""^ 



manufac- 
tares. 
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impracticable, intermittent downward filtration through 
a sufficient depth of soiL When these foul liquids 
have been so treated the effluent water was so purified 
as to be admissible into a stream. 

But if these liquids are purified by filtration, or 
by irrigation, will it be advantageous to irrigate crops 
with them ? This has been tried in a very rough and 
ready manner at several mills ; at one near Shepley it 
was found that the produce of some old grass land 
was increased by irrigation with " the soapy, greenish, 
greasy mill drainage/' but that " the coarser grasses, 
strengthened by the irrigation, had killed the finer, and 
the quality of the produce was injured *' (p. 31). 
Better not These liquors, therefore, may not be suitable for irri- 
aioae. gatiou if uscd alone, except perhaps in the case of 
'' strong and rapidly growing plants." It is probable 
that the organic matters and ammonia are contained in 
them in too high a proportion as compared with the 
potash and phosphates ; but from their composition 
there can be no doubt that '' their utility for this pur- 
pose would be much augmented if they were previously 
mixed with several times their volume of town sewage " 
(p. 80). Where this has been done the result has been 
satisfactory. 

May be ^' At Cullingworth, near Binglej, the drainage of a large mill — 

™lth mingling here, however, with that of the village — flows on to soiue 

sewage. hill-side grass land, and produces a large growth of grass before 

finding its way into the stream. The result here, if not attributable 

whoUj to the fertilizing effect of dirty wool washings, at any rate 

proves that such dirty waters, with the spent liquors from dye-works, 

may he discharged into ordinary house sewage without injury to its 

value as manure " — (p. 31). 

Filtration 

through Where irrigation is impracticable, intermittent 

ashes. dowuward filtration through soil, or through bauks of 
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cinders and ashes, is shown to be quite competent to 
purify these foul liquids. In one case where the latter 
plan was pursued ^'the efBuent water was colourless 
and nearly free from suspended matter," while "in 
respect of soluble polluting ingredients it did not 
transgress our standards of purity '' (p. 84). 

It seems probable that " the addition of a slight 
excess of lime to the liquid before filtration" would 
hasten the nitrification of the organic matters and 
ammonia, and so prove advantageous. 

With regard to intermittent downward filtration for 
the purification of sewage, the Commissioners say : — 

** Whereaa 100 acres or more might be needed to cleanse, oer- Compari- 
tainly to profitably utilise, the drainage of a town of 10,000 people ^"^on^"* 
by means of irrigation, it would need but three acres of a porous with 
medium, six feet deep, worked as an intermittent filter, to oxidise, Filtration. 
and therefore purify, the drainage water of sudi a town, provided 
the mass of earth through which it percolated were frequently and 
effectually aerated, and the foul liquid were so added that every part 
of this aerated filter had its equal share and equal interval of 
aeration "—(p. 61). 

The *' formidable nuisance " which would possibly Naisanco 
be created by this immense filter would be greatly uon-'^how 
lessened by the separation of the suspended matters by ^^■■««*«<^- 
precipitation, "whilst it would probably reduce by 
one-half the size of the filter necessary for cleansing a 
given volume of sewage." 

<^ This alternative method of dealing with the sewage difficulty Where 
may therefore be adopted with advantage by towns in steep and fil^^^ 
narrow valleys where a suffident area of land for irrigation cannot adopted, 
be obtained below the sewer outfall, and where the cost of pumping 
on to higher lands would be excessive " (p. 51 ). 

But filtration through soil should only be resorted 
to wh^re it is absolutely impossible to procure land 



332 ADDITIONAL APPENDIX. 

for irrigation on account of the natural conformation 
of the country; for, aa the Commissioners say 
(p. 51)- 

" It b the greftt advantage of the irrigation remedy for this class 
of river poUutioDs that their filth is not merely desti^oyed, but con- 
verted into wholesome food. Valuable marketable products ore ob- 
tained, and thus the expense of the process may be recovered." 

Oeneiai '^'he important point brought out by this Report is, 

'^"^^ then, that the same method of purification which 
is alone capable of dealing with town sewage, may be 
employed in the case of these refuse liquors; that 
although it may not be advantageous to use them alone 
for irrigation, yet they may be mixed with the town 
sewage, and the whole purified and utilised together ; 
that is to say, that the water-carriage system combined 
with irrigation, or with intermittent downward filtra- 
tion through soil, is capable of treating all such refuse 
liquors as do not contain anything injurious to crops ; 
in other words, it can remove, purify, and (in the 
case of irrigation) utilise all liquids containing 
putrescible organic matters, leave an effluent water 
which does not transgress the proposed standards, 
and so prevent the pollution of the rivers. 



SUMMARY, 

Having reviewed the most important methods that 
have been practised for the removal of refuse matters 
from towns, we have been led to adopt the following 
definite principle : that the method which does, in pHncipie 
practice, where it is anything like efficiently carried *^''"^® *** 
out, remove at once and completely from the vicinity 
of habitations the various sorts of refuse in the most 
expeditious manner, is the one which must be the 
most conducive to health. 

We have pointed out that the principle of all dry Dry me- 
methods of excremenfal removal, without exception, y^^te'u, 
is to leave the excremental matters in and about the 
house for a certain time— so long, in fact, as they 
do not become an absolute nuisance. We maintain 
that this is essentially wrong in principle, and we 
point in support of our opinion to the facts with 
regard to the state of the health of the inhabitants 
of midden-closet towns. Many instances more than 
those we have quoted are daily coming under our 
notice. As to the dry earth system, its principle 
is the same, though its action is more thorough. 
Although it has been shown to have a great advan- 
tage where it has replaced midden heaps and cess- 
pools, we maintain, with Dr. Rollesfon and with 
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DeodoriM. Dr. Parkes, that it has not been shown that the 
disinfec. compost IS disinfected as well as deodorised. And 
thanme ^"^^^ ^^^ ^ pioved to be the case it is safer to resort 
^^^^' even to the oflfensive pail system, where excrement 
cannot be allowed to remain within dwellings for any 
length of time on account of the great nuisance that 
would be caused by it» than to a plan which destroys 
the warning but is not proved to have removed at the 
same time the danger. It has at various times been 
proposed to deodorise coal gas: the result of this 
would certainly be that accidents by poisoning and 
by explosion would be increased to an enormous 
Compari^ cxtcut. We kuow that the poisonous ingredient par 
coAigM. excellence of coal gas — the carbonic oxide — is per- 
fectly inodorous ; we know also that the emanations 
which produce typhoid fever are not offensive or 
disagreeable to the smell ; and it is a presumption, 
as Dr. Parkes says, to suppose that all danger of 
their production is removed by mixing the excrement 
with earth. But even were this presumption to be- 
come a demonstrated fact, the greatest objection to 
the earth system (one which is essential to it because 
it is a dry system) would still be as strong as ever ; 
viz. that whenever the earth supplied happened to 
be in too small quantity, too moist, or of bad quality, 
or the air to be very damp, or the compost wetted 
through carelessness or otherwise, the danger of in- 
fection would at once arise. How frequently one or 
more of these conditions would be fulfilled need 
hardly be pointed out. 

Miss Nightingale well says, in her remarks on the 
Progress Repoi^ts in the Indian Sanitary Report 
(1870), p. 45: "The true key to sanitary progress 
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in cities is, water supply and sewerage. No city 
can be purified sufficiently by mere hand-labour in 
fetching and carrying." 

'' As civilization has advanced, people have always 
enlisted natural forces or machinery to supplant hand- 
labour, as being much less costly and greatly more 
efficient." 

We turn, then, to review briefly the results already 
attained by the water-carriage system, despite all the 
disadvantages of it (when badly carried out), which 
have been put forward in these pages. We know 
what it has done ; we know that in the towns where Resaita 
it has been introduced in conjunction with other by water- 
sanitary improvements, it has been the means of |^m.^ 
practically annihilating cholera; we know that it 
has been very little less effectual in the extermination 
of typhoid fever. We are sure that it is the speedy 
removal of the refuse matters that has accomplished 
this, because, in towns where free exit has not been 
allowed for the sewage from the sewers, the death- 
rate of typhoid fever has only very slightly dimi- 
nished, or has slightly increased, or even (in one case) 
has very considerably increased. Such cases, although 
deplorable in themselves, are instructive to the sanita- 
rian in pointing out beyond the question of a doubt 
that it is especially the improved sewerage arrange- 
ments that have effected these results. We have seen, 
too, that by the construction of deep drain-sewers the 
mortality from phthisis has been diminished to a very 
remarkable extent, amounting in one case to nearly 
half the former number of deaths. „„ , , 

n bat ibe 

And although we have, for a multiplicity of reasons, drain sew 
felt ourselves justified in condemning the drain-sewer shoun. 
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system, we have ceitainly to thank it for the discovery 
of the alUimportant fact that one of the most [K)tent 
causes of phthisis is a water-logged subsoil ; so that 
while we advocate impervious pipe sewers, we must 
also insist that towns shall be provided with deep 
subsoil drains. 

Not only this, but we have also seen that these 
special improvements have been accompanied by the 
still more important one of a reduction in the general 
death-rate, amounting to about a fifth part of the 
previous number of deaths in nine out of the twenty- 
five towns reported on by Dr. Buchanan. 
Sewage; Having then, the sewage to deal with, the first 
rid of. object must be to get rid of it in an unobjectionable 
manner, and the next to utilise it if possible. 

Plenty of evidence has been given to show 

that it must not be sent into the rivers, as has 

heretofore been almost invariably done; and that it 

is only a little less objectionable to resort to this 

plan after a preliminary straining ofi* of the suspended 

matters. 

Piitrmtion. We have, however, seen that by intermittent 

downward filtration through soil (and perhaps, where 

convenient, through ashes, &c.), sewage can be 

adequately purified, so that the effluent water may 

be turned into a stream ; by this plan, however, 

the manure which is so much wanted is almost 

entirely lost, the greater part of it escaping in 

solution in the effluent water in the form of 

nitrates and nitrites. 

Precipi- As to the utilisation of sewage, we have shown the 

proe^ses. futility of all attempts at precipitation of its valuable 

constituents ; in fact, " it is hopeless," as Dr. Hewlett 
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says, "by either one or any of these operations to 
render the effluent water anything else than sewage." 

Finally, with regard to irrigation farming, the facts irrigation, 
that we have brought together seem to us to show 
clearly that it satisfies the three conditions which we 
laid down (p. 227) ; the sewage is purified, a profit- 
able agricultural return is ensured, and the health of 
the neighbourhood is not endangered. 

We are, then, reduced to the following simple Con- 

1 *M ' 't t ' • ±» 1111 closion. 

issue: wherever it is possible, irrigation should be 
carried out, the sewage having been previously freed, 
by one or other of the methods described, from the 
offensive suspended matters, which must be deodorised 
to prevent ihe production of a serious nuisance. 
Wherever, on the other hand, irrigation is practically 
impossible, intermittent downward filtration, through 
soil or other suitable material, affords the means of 
satisfactorily purifying the sewage. 

We have collected the facts, arranged them, and 
weighed the evidence afforded by them ; it is for the 
future to decide how far our conclusions have been 
warranted. 



THE END. 
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Carriers, iron, concrete, 264, 266. 
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Cereals, 240, 248, 259. 
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Charcoal (in ** A.B.C." process), 211 ; 
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Croup, 164. 
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Denton, Mr. Bailej, 131. 
Deodorisation, 207, 240, 334, 337. 
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146, 150. 
Disrrhoea, 166. 
Dilution of sewage, 182. 
Diphtheria, 164. 
Diseases from sewer gases, 60 — 62 ; 

most where most filth, 22, &c. 
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depth o^ 266 ; subsoil, 323. 
Drain-sewers, 127, 132, 162, 335. 
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—328 
Droughts, 267, 270, 314. 
Dry closet systems, 66. 
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319, 333. 
Dundee, midden system at, 257, 288. 
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Ealing, simple filtration at, 226. 
Earth, yarious qiuilities of, 70 ; 

quantity of, 73, 75, 82, 100. 
Earth closets, cost of, 71 ; compost, 

176 ; system, see Dry Earth nys- 

Eastern system (see also China), 58. 

Edinburgh, pail-closets at, 47 ; water- 
closets at, 117 ; irrigation at, 237, 
276, 279, 289, 320 ; see also 
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Efflaent water, standard of parity, 

199. 
Entozoa, 277—280, 318—322. 
Essex, Eail of^ on valne of sewsge, 

239. 
Eoreka system, 49. 
Evaporation, 230. 
Excreta, amount of, 76 ; composition 

of, 285, 2^ ; yalue o( 54, 180, 
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F»ces, composition of^ 285 ; see also 
Excreta. 

Fanners, appreciate sewage, 310. 

Feyer in Indian jails, 101, 294. 

Fever-dens, 19, 2(3. 

Filth, accumulation of, in ceUais, 
6, 7 ; cause of disease, 17 — 27. 

Filtration of foul water, 95 ; simple, 
202 — 204 ; intennittent downward, 
223—227, 331, 336 ; before irri- 
gation, 244, 257, 264, 271, 307, 
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Foul water, removal of, 86, 88. 

France, manufactured manures, 291 ; 
see Foste* and Paris, 

Frost, 114, 236, 244, 311 ; see also 
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Fungus (sewer), 216. 
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Gases, in cesspools, 59 ; in seweis 

(see also Air), 149. 
Gilbert and Lawes, 49, 103, 180, 182, 

217. 
Glasgow factories, fever at, 20; trough 

latrines, 49. 
Goux system, 51. 
Grass, sewaged, 249 — 252 ; see abo 

Eye Orass. 
Guano, 217, 218. 
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Incline of sewers, 138, 151. 

India, 80—89, 293, 294, 316, 319. 

InfEuit mortality at St Eilda, 20. 

Intermittent fevers, 274, 275, 277 ; 
system of water supply, 114. 
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phate of, 209. 
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K. 
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Latham's Extractor, 308. 
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Lawes and Gilbert, Messrs., 49, 103, 
180, 182, 217. 
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Leamin^n, 211, 213, 219, 220, 243. 
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Letheby, Dr., 189, 195, 212. 
Liebig, Baron, 184, 232. 
Liemur's (Pneumatic) system, 40, 

292. 
Lime, use of, in Blyth's process, 209 ; 

in Forbes% 301 ; added to sewage 

before filtration, 331. 
Lime process, 204 — 207. 
Liquid numure, 85, 98. 
Liverpool, 3 — 5, 9, 10, 15, 20, 21, 

105, 121, 124, 175, 296. 
Lodge Farm, 247, 254, 315. 
Lung diseases, 169. 
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MacdougaU's powders, 84. 
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„ Sewage Farm, 316. 
Magnesia, 209. 
Magnesium, chloride of, 304. 
Maize, 248, 255. 
Malvern Sewage Farm, 241. 
Manchester, 5, 29, 30, 63, 158. 
Manganese, 208, 211. 
Mantegazza, 281. 
Manure, midden and pail systems, 
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Marshall, Mr., 198. 
Marshes, 274. 
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Measles, 163. 
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Menzies, Mr., 48, 145. 
Midden heaps, 4 ; pits, improved, 28 ; 

system, 64, 219, 257, 287—289, 

324. 
Milan, 235, 236, 261, 267, 274—276, 
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Milk, 249, 251, 252. 
Miller, Dr., 195, 218. 
Morality, 170. 
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Mouat, Dr., 101, 102. 
Moule, Rev. H., see Dry Earth 

System. 
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NeU Amott, Dr., 153, 154, 157. 

Nightingale, Miss, 293, 334. 

Nitrates and nitrites in well-water, 
15, 16, 223 ; in effluent water from 
" A. B. C." process, 215 ; in filtered 
sewage, 224, 225 ; in effluent water 
from sewage irrigation, 229, 313. 

Nitrogen in excreta, 285. 
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193, 245, 313 ; in effluent waters, 
206, 210, 213, 224, 228 ; in sew- 
aged grass, 250 ; in waste liquors, 
329. 
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Norwood, 246, 272, 273, 277, 280. 
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Oats, 248, 252, 255, 313. 

Odling, Dr., 195, 218, 221. 

Old F^rd, 197. 

Onions, 314, 315. 

Organic matter (see also Nitrogen), 
J 93 195^ 

Outfalls, 139, 140, 142, 166, 189, 309. 

Oxen, 249, 251. 

Oxford, 186, 268. 

Oxidation, 193—195, 22^—226, &c. 
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Pail systems, 42—54, 57—59, 64, 

289, 334. 
Pane and gutter system, 265. 
Parent Duchatelet, 128, 152,170,201. 
Paris "fosses," 36—41, 45, 55, 56, 59. 
Parkes, Dr., 98, 176, 338. 
Pasture land irrigated, 309. 
Peas, 314. 

Peat, 225, 247, 258, 307. 
Percolation from cesspools, 8 — 16, 
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137, 300. 
Pettenkofer, Prol, 87, 100. 
Phosphate process (Blyth's), 209; 

(Forbes's), 301—304. 
Phosphates in excreta, 285, 286. 
Phosphoric acid, 209, 211, 217. 
Phthisis, 167—170, 336. 
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Pipe sewers, 136, 142—146, 159, 

169, 323. 
Plague at York, 17. 
Ploughs, 292. 

Pneumatic (Liemur's) sy8tem,40,29i 
Polluting liquids, 199. 
Pollution of drinking water, 172, 

192—200, 311, 325 ; of rivere, 13CJ, 

185, 187, 206, 207, 217, 326, 327. 
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Ridge and furrow system, 265, 309. 
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